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FOREWORD 


The  temperature  of  the  earth's  atmosphere  is  considered  to  be  governed  largely  by  the  equilibrium 
between  absorbed  and  emitted  radiation.  Thus,  the  radiation  passing  through  the  stratosphere  has  been 
shown  to  consist  (a)  of  that  from  the  sun  chiefly  of  the  wavelength  interval  0.4  to  2  n  (1000  20.000  A),  and 
(b)  that  from  the  earth  and  lower  layers  of  the  atmosphere  of  the  wavelength  region  A  to  0V.  Strangely 
enough  the  main  constituents  of  the  atmosphere  in  abundance  are  practically  transparent  to  radiations  in 
the  above  wavelengths.  The  absorption  in  the  atmosphere  depends  upon  the  presence  of  the  minor  con¬ 
stituents  of  the  air,  such  as  water  vapor,  carbon  dioxide,  ozone  and  various  oxides  of  nitrogen.  A  striking 
feature  is  the  great  intensity  and  complex  structure  of  the  absorption  spectra  in  the  infrared  and  ultraviolet 
shown  by  nitrous  oxide,  ozone,  water  vapor  and  carbon  dioxide. 

The  absorption  bands  of  these  minor  gaseous  components  of  the  atmosphere  in  the  solar  spectrum  have 
been  most  widely  employed  to  detect  and  measure  their  distribution.  Knowledge  of  the  abundance  and 
vertical  distribution  of  these  gases  is  important,  since  such  data  provide  useful  information  on  the  tempera¬ 
ture  balance  of  the  atmosphere.  Evidence  from  the  spectra  of  the  auroral  light,  which  is  emitted  by  strong 
excitation  of  the  air  particles  caused  by  fast  moving  corpuscles  coming  from  the  sun,  seems  to  indicate  that 
everywhere  up  to  600  km,  at  least,  the  atmosphere  is  a  nitrogen-oxygen  atmosphere. 

Nitrous  oxide  is  the  only  oxide  of  nitrogen  whose  presence  in  the  atmosphere  has  been  established  by 
direct  observational  evidence  to  exist,  for  a  certainty,  in  the  upper  atmosphere.  All  three  fundamentals, 
»i  at  7.8  a,  »»  at  17.0  n  and  t>3  at  4.5  m.  of  nitrous  oxide  have  now  been  identified  in  the  telluric  spectrum.  Prior 
to  the  discovery  of  uitrous  oxide  in  the  upper  atmosphere  many  investigations  in  the  laboratory  yielded 
valuable  information  on  its  absorption  spectra  in  the  infrared,  ultraviolet  and  vacuum  ultraviolet  spectral 
regions. 

Brief  summaries  of  these  early  papers  as  well  as  more  recent  experimental  laboratory  studies  on  the 
photolysis  and  thermal  decomposition  of  nitrous  oxide,  nitric  oxide,  and  other  oxides  of  nitrogen  have  been 
included  in  this  paper.  These  abstracts,  or  summaries,  have  been  arranged  chronologically  and  alphabeti¬ 
cally  within  each  year.  They  have  been  grouped  as  (a)  nitrous  oxide,  (b)  nitric  oxide  and  (c)  nitrogen  dioxide 
and  other  oxides  of  nitrogen. 

Several  papers  of  a  theoretical  nature  have  considered  certain  homogeneous  gas  reaction  mechanisms 
for  the  distribution  of  the  nitrogen  oxides  in  the  upper  atmosphere.  At  altitudes  of  the  spectacular  auroral 
phenomena  the  present  day  picture  of  the  atmosphere  at  these  heights  is  that  the  air  consists  largely  of 
atomic  oxygen,  molecular  nitrogen,  and  atomic  nitrogen.  Molecular  oxygen  predominates  below  about 
100  kro  and  atomic  oxygen  above  this  altitude.  Some  investigators  have  reported  evidence  for  N  II  emission 
lines;  the  existence  of  ()  II  emission  lines  are  less  certain.  Homogeneous  gas  reactions  among  these  atmos¬ 
pheric  constituents  appear  probable  and  lend  themselves  to  many  interesting  speculations  about  the  produc¬ 
tion  of  the  various  oxides  of  nitrogen  in  the  atmosphere,  as  well  as  their  photodissociation  and  recombination 
processes  in  the  upper  atmosphere.  There  is  also  supporting  evidence  that  photoionization  of  nitric  oxide 
may  be  an  important  mechanism  in  the  formation  of  the  D  layer. 


Recently,  investigations  on  the  photoehemis 
information  of  immense  practical  significance.  .> 
oxide  of  nitrogen  in  the  upper  atmosphere,  is  reg; 
pollution  and  during  periods  of  intense  smog  coml 
approximately  2.000,000  automobiles,  trucks,  h 
average  daily  mileage  of  about  50,000,000  miles  e 
sphere.  Although  the  concentration  of  the  oxide 
their  catalytic  action  in  the  presence  of  sunligh 
atmospheric  ozone  and  many  organic  peroxides,  t 
strated  bv  extensive  studies. 


try  in  the  lower  atmosphere  at  ground  level  have  yielded 
itrogen  dioxide  (NO*).  while  not  considered  an  important 
rded  as  the  most  prevalent  of  the  oxides  of  nitrogen  in  air 
itions.  It  has  been  esiiii,..ted  that  the  exhaust  fumes  from 
asses,  and  other  motor  vehicles  in  the  country  with  ,an 
luitrihute  about  40  tons  of  nitrogen  oxides  into  the  atmos* 
»  of  nitrogen  does  not  reach  toxic  levels  in  the  atmosphere, 
t  in  photochemical  reactions  leading  to  the  formation  of 
ixidants  which  characterize  smog  effects,  has  been  demon* 


It  is  probably  safe  to  conclude  that  laboratory  investigations  on  the  oxides  of  nitrogen,  which  might 
appear  l<i|j 'be  theoretical  in  nature,  upon  absorption  coefficients,  absorption  and  photoionization  cross 
sectional  and  photochemistry  have  many  times  iiii  the  past  proved  to  be  of  most  practical  and  economic 
consequence.  The  oxides  of  nitrogen  have  played  an  important  role  in  the  study  of  chemical  kinetics. 
There  are  yet  many  photochemical  processes  involving  the  oxides  of  nitrogen  not  fully  understood.  A 
knowledge  of  them  can  lead  to  a  better  understanding  of  our  atmosphere. 


Lewis  E.  Miller 
Atmospheric  Standards  Section 
Atmospheric  Physics  Laboratory 
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THE  CHEMISTRY  AND  VERTICAL  DISTRIBUTION  OF  THE 
OXIDES  OF  NITROGEN  IN  THE  ATMOSPHERE 

1.  SUMMARY  AND  EVALUATION 

U  INTRODUCTION 

One  of  the  main  problems  in  the  study  of  the  composition  of  the  upper  atmosphere  is  the  distribution, 
abundance  and  pressures  of  the  constituent  gases.  In  order  to  carry  out  calculations  it  is  necessary  to  know 
approximately  the  height  at  which  photochemical  decomposition,  formation  and  photoionization  of  the 
atmospheric  gases  under  the  action  of  solar  radiations  begin  to  be  important.  The  composition  of  the  earth’s 
atmosphere  is  essentially  an  oxygen-nitrogen  atmosphere.  In  the  following  table  by  Paneth,  it  may  be 
'  observed  that  98.95  percent  by  volume  is  due  to  nitrogen  and  oxygen,  0.93  percent  argon  and  0.03  percent 
carbon  dioxide,  leaving  a  remainder  of  about  0.09  percent  for  the  inert  gases,  ozone,  oxides  of  nitrogen  and 
other  minor  atmospheric  constituents. 


Table  I.  Composition  of  the  Atmosphere  up  to  About  60  km 


Constituent 

Percent  by  Volume 

Reduced  Thickness 
(at  mo -cm  NTP) 

Nitrogen 

78.09 

625,000 

Oxygen 

20.95 

168,000 

Argon 

0.93 

7,440 

Carbon  dioxide 

0.03 

240 

Neon 

1.8  X  10~* 

14.6 

Helium 

5.24  X  I0-* 

4.2 

Krypton 

1  X  10~« 

0.8 

Hydrogen 

5  X  10-» 

0.4 

Xenon 

8  X  10~* 

0.06 

Radon 

6  X  10-1*  (variable  decreasing 

with  height) 

A'ole:  The  above  values  are  given  for  dry  air. 

From  F.  A.  Paneth,  Quart .  J.  Meteor.  Soc.  63,  433  (1937). 

....  Ibid.  65,  304  (1939). 

Table  II. 

Minor  Constituents  of  the  Atmosphere 

Constituent 

Percent  by  Volume 

Reduced  Thickness 

=■  . 

(at  mo -cm  NTP) 

Water  vapor 

0.1 -2.8 

0.25  mm  SO  mm 

liquid  water 

Oxone 

t  X  10-' 

0.3 

Nitrous  oxide 

5  X  10"» 

0.4 

Methane 

1.4  X  10-' 

1.2 

Carbon  monoxide 

1  X  10-* 

0.09-0.4 

Heavy  water 

10~*of  water  vapor 

Miller,  L.  E-,  J.  Chem.  Ed.  31,  112-121  (1951). 

It  in  the  purpose  of  thin  survey  to  examine  the  evidences  in  the  literature  for  the  occurrence,  origin, 
vertical  distribution  and  abundance  of  atmospheric  nitrous  oxide  and  the  other  oxides  of  nitrogen.  The 
oxides  of  nitrogen  are  to  he  expected  an  combustion  products  in  industrial  areas,  and  have  h<  en  found  in  the 
atmosphere  over  large  cities  ic  concentrations  comparable  to  those  found  for  sulfur  dioxide.  They  arc 
considered  of  importance  in  meteorological  phenomena,  and  are  therefore  of  interest  to  study  from  a  practical 
viewpoint  an  Hell  an  their  place  in  geophysics  and  astrophysics,  in  ionospheric  phenomena,  the  aurorae  and 
the  night  airglow. 

1.2  ELECTRONIC!  STRICT!  RE 

Mont  of  the  molecules  of  the  oxides  of  nitrogen  are  resonance  hybrids.  The  various  single  and  double 
bonds  inav  change  places.  The  most  stable  ones  art*  nitric  oxide  '  NOi  and  nitrogen  dioxide  (NO-).  They 
are  "»</</”  molecules,  i.e.,  they  contain  an  odd  number  of  electrons.  Tlie-e  two  oxides  of  nitrogen  represent 
oxidation  levels  for  nitrogen  not  usually  occurring  in  other  of  its  compounds.  The  resonance  of  the  odd 
electron,  according  to  theory,  between  the  two  or  three  atoms  of  the  molecule  apftears  to  stabilize  the 
substances  NO  and  NOj. 

Sitrous  oxide  (NjO)  has  a  linear  molecule,  and  its  electric  dipole  moment  is  practically  zero.  The  linear 
and  non-symmetrical  character  of  the  molecule  of  N-O  was  established  by  Plyler  and  barker  ( Phvs .  lice.  38, 
1827(1931))  from  infrared  spectroscopic  data  and  rotational  analysis  of  the  .VO  hands  at  1 7.0 /a,  7.78a  and 
8.6a under  high  dispersion.  The  structure  was  later  continued  by  Schomaker  and  Spurr  (,/.  Am.  (.hem.  Soc- 
64,  1184  (1642))  by  the  electron  diffraction  method.  The  possible  resonating  electronic  structures  are: 

|  :N  =  N  =  0:,  :.N  N  -0:,and  :N  —  N O  :  j  . 

.\ilric  oxide:  The  nitric  oxide  (NO)  molecule  has  an  odd  number  of  electrons  and  is  paramagnetic. 
Pauling  has  represented  the  molecule  with  a  double  bond  and  a  three-electron  bond  as  follows: 


:  N  =  O :  . 


The  structure  is  also  given  as  a  resonance  hybrid. 


:  N  —  0 :  ,  :  N  ==  <) :  ,  and 


•+) 

:  N  =  0 :  > 


Chemically,  nitric  oxide  is  unsa titrated  in  characterTforming  such  compounds  as  the  nitrosyi  jlJalides  by 
addition,  such  as  NOCI.  The  odd  electron  may  also  be  lost  yielding  the  nitrosyi  (or  nitrosonium)  cation 
NO+  in  such  well-known  cotnpour  Is  as  nitrosyi  sulfuric  acid,  NOlISOi. 

,\itrogen  sesr/uioxide.  or  dinitrogen  trioxide  (NVW,. incorrectly  called  nitrogen  trioxide,  probably  exists 
only  in  the  solid  state  as  a  pure  compound.  In  the  vapor  phase  the  molecule  is  almost  completely  disso¬ 
ciated.  \  solid  substance  which  melts  sharply  at  about  —  103°C  is  obtained  by  condensing  and  solidifying 
an  eipiirnnleciilar  mixture  of  NO  and  NO-.  The  structure  of  the  N-O,  molecule  has  not  been  established  by 
physical  methods.  Chemically  it  has  been  shown  to  have  a  probable  s\  mnietrical  structure: 


:<)=.\  —  O  —  N  =  0:  . 


Nitrogen  dioxide  (NOj),  sometimes  erroneously  called  nitrogen  peroxide,  is  an  "odd”  molecule  and  is 
paramagnetic.  The  structure  was  deduced  by  Sutherland  and  Penny  ( Xature  136,  146  (1935))  to  be  non¬ 
linear.  The  electronic  structure  is  not  known  for  a  certainty.  According  to  Pauling  the  structure  resonates 
between 

_  .  ....  >  . . 

N  -f  and  N  ^ 

‘  •  0 :  ^  0 : 

Nitrogen  tetroxide  (NjOt)  or  dinitrogen  tetroxide:  Although  the  structure  of  NjO,  is  not  known  with 
certainty,  Hendricks  (Z.  Phvs.  70,  699.  (1931)),  Sutherland  ( Proc .  Roy.  Soc.  (London)  A  141,343  (1933)), 
and  Ciauque  and  Kemp  ( J .  Ghent.  Phys.  6,  40  (1938))  have  suggested  a  symmetrical  structure 


:0 

:0 


\ 

f 


+  + 
N  — N 


from  X-ray  measurements  on  the  solid,  by  spectroscopic  studies  of  the  infrared  and  Raman  spectra,  and 
thermodynamic  properties. 

The  composition  of  nitrogen  dioxide  and  its  dimer,  NjO«,  may  be  best  expressed  by  the  following 
equilibria: 

0-140°C  15O-620°C 

n,o,  2N0,  ^.1:1. _ :  2no  +  o, 

(colorless)  (deep  (colorless) 

reddish 
brown) 

Liquid  NOi  is  largely  polymerized  to  nitrogen  tetroxide,  N20,.  At  the  boiling  point  about  20  percent  of  the 
tetroxide  is  dissociated  into  the  dioxide.  Upon  cooling  the  color  of  the  liquid  becomes  lighter  in  color,  and 
freezes  at  —  11.20C  to  a  colorless  solid  which  is  pure  N2O4.  Between  130-140°C  the  dissociation  into  NO2 
is  practically  complete.  At  higher  temperatures  the  NOj  further  dissociates  into  NO  and  O2,  becoming 
completely  dissociated  at  about  620°C.  The  equilibrium  constant  for  the  reaction: 

2NOj  NjO, 

is  8.8.  At  25°C  the  equilibrium  mixture  is  largely  N20«. 

'  Nitrogen  pentoxide  (N1O5)  in  the  solid  state  has  a  crystalline  lattice  structure  containing  the  ions, 
NOj+  and  N03-  with  distances  of  1.15  and  1.24  A,  respectively.  Nitrogen  pentoxide  is  a  colorless  solid 
which  sublimes  without  melting.  At  temperatures  above  0°C  it  begins  to  dissociate  into  NjO<  and  0». 
In  the  vapor  state  the  molecule  is  believed  to  have  the  structure  *(; 

OjN  —  O  —  NO,. 

Nitrogen  trioxide  (NO3)  has  been  described  by  Schwartz  and  Achenbach  (Ber.  68,  343  (1935))  as  a  white 
solid  which  decomposes  above  —  140°C  into  NOj  and  Oj.  New  bands  in  the  absorption  spectrum  of  ozone 
when  mixed  with  either  NO-  or  N-O5  have  been  observed  by  several  investigators.  Lowry  and  others 
(1936-1938)  found  that  N2O5  vapor  when  mixed  with  a  small  amount  of  ozone  produced  a  blue  gas  which 
decomposed  with  luminescence  at  100°C.  Nitrogen  trioxide  in  the  gaseous  phase  is  probably  formed  under 
these  conditions. 


1 


Klcmenc  ami  Neumann  arwrp.  ('lum.  232.  216  (19.37)!  have  shown  that  it  is  doubtful  if  the  white 
solid  is  obtained  hv  excising  a  mixture  <if  NV ).  ami  O;  to  the  eleetrie  di-charge  at  a  low  teni|>erature.  Selnt- 
tnaeher  (/..  anorfi.  C.hrm.  2.3.3.  IT  i,1937))  obtained  a  delinite  eon  cent  rat  ion  of  \()j  by  the  reaetion  of  nitrogen 
dioxide  with  ozone. 

NOj  -j-  Oj  — »  NOj  +  Oj 

Jones  and  Wolf  (./.  ('.him.  Pin*.  5.  87.3  (19.37))  obtained  spectroscopic  evidenee  for  the  existenee  of  the 
trioxide  and  showed  that  nitrogen  trioxide.  NO,,  does  not  eontain  the  peroxy-linkagc.  —  O  —  O — ,  and 
therefore  eannot  be  eonsidered  to  be  an  anhydride  of  peroxynitric  aeid.  II  N<  )4.  The  strueture  of  the  molecule 
has  been  written  as 


:  O  N 


\ 


0: 


with  resonance  between  the  three  oxygen  atoms. 

yitrnpcn  Iwxoxid e  (N'.O,)  is  formed  by  the  action  of  fluorine  on  nitric  arid. 

2H.\0.i  +  Fj  — ♦  NjO*  +  2IIF 

Its  preparation  has  been  described  by  Firhter  and  Urunner  (Hvlv.  (.him.  trln  12,  .306  (1029)).  This  oxide 
is  clearly  distinct  from  the  trioxide,  NOj.  and  appears  to  be  the  mixed  anhydride  of  nitric  and  peroxynitric 
acids.  The  structure  is  probably 

0,N  —  0  —  <)—  NO,. 


1.2  NOMKNCMTI 'RK  KOIt  OMDKS  OK  NITItoCKN 

In  the  following  table  the  s\  stematic  or  stoichiometric  names  of  the  oxides  of  nitrogen  are  given.  1  hese 
names  were  recommended  b\  the  Internati.  .ial  l  nion  of  <  ".lie  inis  try  (ltd  system).  In  this  literature  survey 
the  old  names  of  the  nitrogen  oxides  arc  used,  since  all  references  in  the  literature  about  nitrous  oxide  and 

Table  III.  Nomenclature  of  Oxbles  of  Nitrogen 


Formula 

Ol<l  Name 

1  l1  (i  Name 
Systematic  or 
Slojcfliorti*^*  :c 

N.o 

Nitron*  oxule 

l)ini*r».j.f  c  t*i*  .»»i« 

No 

Nitric  oxiilc 

N nroge»i  i* 

N;0, 

Nitrogen  sr«<|uin\i»|c 
rati*  n 

nitrogen  trioxiile) 

Huiitrog  *r»  tsioxidr 

No, 

Nitrogen  «!ioxi«Ie 

(Fmmcoii**lv  called 
nitrogen  peroxide) 

Nitrogen  dio*  ide 

No, 

Nitrogen  Icfroxitlc 

Dinilrogen  tetroxide 

N  <  i. 

Nitrogen  |iffitoxi«lc 

1  finitrogen  |M-nlo\»de 

No, 

Nitrogen  trioxide 

Nitrogen  trioxide 

N.o, 

Nitrogen  ht-vxitlc 

IHnitrogen  liexoxide 

(Tin*  | in* fix  "mono*"  fdfi  generally  nmilteij.) 
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flu*  other  oxide*  of  nilrogcn  in  tlie  alnm-phere  emplnvcd  | lir*  old  names.'  The  newer  nomenclature  is  pradu* 


all.  n  nimp  into 

i«»a*:e,  e*p**ci, 

allv  ill  the  chetnic 

.i  1  literature.  I  i i;  1 1 1  n\ii|f«  i 

>f  fiitroeeii  hate  lie 

fit  (lexerilieti 

in  llif  literature. 

aii'l  r\ iilfino  i«  f.urlv  eert.iin 

fur  their 

exi.lenee  a»  pore 

roiii|MMinila.  Suite  have  Iteetl 

|>r>’|urvi|  ami  olttaiiteil  ittth  miller  '|x<ul  n  mu  lit  ion*. 

■1 

-  . -  . 

Table  |V.  Pli v »H’ul  Pmjwrtie* 

«»f  Oxide*  of  :>ttro|Ccn 

— y 

\\.o 

NO 

NO, 

NO,  N.O, 

N.O, 

NO, 

1  ’.«d*»r 

OA  .(.« 

t 

HI.,.' 

HriMi-ll-ltrnv.  n 

<  :,,i. 

Hluinh  Can 

r  r  e<: 

- 102.  * 

-  16.1.61 

-  102 

1 1.2 

ti 

H.  P.  T 

-tw.s 

—  151.71 

1.5 

21.3 

12.5  (wiM.) 

SJtdwIily  in  IIA 

In  |00  part*  per  Vd. 

(t*C 

1.10.52  rm' 

n°<: 

7.1 1  rm1 

S.I..Wr 

S.»lnltle,  rfmimp. 

Soluble 

Soluble 

|Vn*ity 

1.077*  I. 

i.i  to:  et. 

1.117’ 

I.WI* 

1.612" 

^11° 
krai  m«4 

1«M9 

2l.6t at 

20.0 

NO, if)  8.001 

NtO>  (f)  2.100 

lira 

krai  mol 

21.76 

20.7I*» 

NO.  fs)  12.1'tO 
.  NjO,  (f)  21. tot 

12 

s* 

eaL'cleg 

S2.5H 

50.110 

’  NO.  (f )  57.  t7 

N,0,  (f)  72.71 

27.1 

Trmiton  Constant 

21.1 

27.1 

10.9 

Bom!  distance 

N  -  O  1.19  \ 
N  -  N  1.12  A 

N  -Ol.lt  A 

NO,  N  -  0 1.20  1 
NjO,  N  -  N  1.6t  \ 
N  -0  1.17  A 

N  -  O  1.15  V 
in  N'Oj*  ion 

1.24  in  NO.'ion 

1.4  MTROl'S  OXIDE  (N.O) 

1.4.1  historical 

The  preprint*  of  nitrous  oxide  an  a  world-wide  permanent  constituent  in  the  earth**  atmosphere  wa* 
first  observed  hv  Adel  (1030)  from  infrared  spectroscopic*  evidence  of  the  vx  fundamental  at  7.8 u  in  the  solar 
spectrum.  Later  the  presence  of  atmospheric  nitrous  oxide  was  confirmed  hv  oh«ervutinna1'4>ands  at  3.04, 
4.3m  and  8.6m  hv  Mipeotte  (10|8i;  it  was  also  confirmed  hv  Shaw.  Sutherland  and  Wormcll  •  |(UJL  through 
recognition  of  hands  at  I.W»m  and  1.3m*  Nitrous  oxide  i-  the  onlx  oxide  of  nitropen  wlio-e  presence 

in  the  atmosphere  has  |>cen  e*taldi*hed  bv  direct  nh-erv alional  evidence.  The  absorption  hand  of  nitrouM 
oxide  in  the  infrared  of  tlie  *«dar  «|iectrum  have  !h***h  mo-t  wid«dv  emploxed  to  detect  and  measure  its 
distribution. 

1. 1.2  Origin  *if  atmospheric  nitnnin  nr life 

In  jroplioir*  a**  in  many  of  the  other  Larth  and  \-tronomical  Seieuci*’*  it  j»  always' interesting  to 
•peculate  a!»oiit  the  origin  of  the  |>ermarient  constituent*  of  the  terrestrial  atmosphere.  In  a«trnphv*ic* 
% c ♦hituc’s  have  |ieen  written  about  the  origin  « » f  tin*  -ol.tr  -v-lern.  the  origin  of  comet*,  ete.  The  nitrogen 
evde.  the  oxvgen  an«l  cjrlmn  dioxide  evde-  to  account  for  the  eon*tanev  of  com  |n»-i  lion  of  thene  atmospheric* 
constituent*  are  wdl*know n.  W  illi  rclcrcttcc  to  the  comparatively  newlv  «li*co\eret  ■rtnaiifnt  «tltiHH|thfric 
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gas,  nitrous  oxide,  which  is  remarkable  in  being  planet-wide  in  distribution,  and  rather  ronst.int  in  abundance, 
two  theories  have  been  suggested  for  its  occurrence  in  our  atmosphere. 


A//?  | 

l Ad  *3 


MO 

CO, 

/Z&O:  £30,777,3.77^. 


Omrtf-y  of  Arthur  AtM,  !> »w«'l|  Otfu  rviilon  ,  Flagstaff,  Arizona. 

F ill.  I.  Itlrntifiration  *>f  atnio-ph»-rir  N  O  through  mmpuri-um  of  th**  w>l;ir  |iri««iatii*  »(t»Ttrimi  uith  flu*  prismatic  Hprctrum  of 
a  l*lw»ratoo  >*ampl*’  of  N’AV  I  lif  »,xt*t»,nrr  of  \.0  in  t fir*  rarlh**  «itino*ph«*rr  wj>*  »*-t ;•  l»l» h>  \ I  )*v  ih<*  observation  of  the 
9\  fundamental  absorption  band  of  N A  )  at  7.7K  m  in  the  solar  Hpertrum. 


Table  V.  Tlit*  Discovery,  1  dentification  and  Vertical  Distribution  of  Atmospheric  Nitrou*  Oxide 


Investigator  Daft*  Haff 


Discovery 


Kr^rmte 


Remarks 


Adel  &  Lampland 

1938 

Arizona 

_ Adel _ _ _ 

1938 

Arizona 

Adel 

1939 

Arison  a 

Adel 

1911 

Arizona 

Adel 

1911 

Arizona 

Kriegel 

1944 

Oklahoma 

Adel 

1916 

Arizona 

Migeotte 

1918 

Ohio  State 
l  niverrity 

Shaw,  Sutherland 
and  U  ormell 

1918 

Cambridge 
Iniversity, 
Kn  gland 

McMath  and 
fiddlier  g 

1949 

Michigan 

M ohler  and 

Fierce 

1949 

.  Michigan 

Adel 

1930 

Arizi  »na 

Benesch,  Strong 
and  Benniict 

1930 

Johns  Hop¬ 
kins  l  n»- 
versity 

Migeotte 

1930 

Ohio  State 

L  niversity 

Shaw,  Oxholrn 
and  (Chapman 

1930 

.Ohio  State 
Iniversity 

S  to  bod  and  krugh 

1930 

Texas 

Band  at  7.6  u  in  Absorption  Spec-  Atrophy*.  J.  87,  Attributed  to  hitherto  unrecog* 
trum  Earth**  Atmosphere  198(1938)  nired  atmospheric  constitu¬ 

ent,  probably  N|0 

U 4 lull  at  7.77  m  and  8J»m  studied.  Aurophy*.  J,  88,  TJ»e  jiresence  of  atmospheric 

186  ( 1938)  NjO  indicated 

The  telluric  Hindu  at  7.77  a  and  Aarophyt.  J.  90,  An  atm«M*pherir  Uur  of  NfO 
8.37  m  compared  with  labor**  627  (1939)  comparable  to  O,  layer  indi- 

tory  rt|»et*trum  of  N/>  rated,  several  mm  thick 

Rotational  structure  of  N.O  Axirophy§.  J.  93,  A inn isphrr ic  N*0  iden tilled 
Band  *>,  at  7.78 m  (solar)  com*  5(W  (1941) 

—  pared  with  lalxtratory  spee-  —  — . -  - -  — . . 

trum 

(Crating  Infrared  Solar  Spectrum  Aarttphy s.  J.  94,  Rotational  line*  of  ¥\  of  NjO 
Map  14  m  to  7  m  4ol  (1941 );  J*hy$.  included.  Abundance  N,0 

Km.  59,  944  3  mm 

(1941) 

Presence  of  N*0  in  J*ih1  Air  G+uphyt.  9,  447  Plausible  tourer  NsO  in  Soil  Air 

(1944)  icterial  decomposition  of 

vrgetatioa 

Evaluation  of  work  of  Kriegel  Aaron.  J.  52,  40  Suggestion  that  Still  Air  source 

(1946);  Science  of  upper  atmospheric  N,<> 
183.280(1946) 

Tellori.  Band*  of  N*0  at  3.9  m«  Aaron.  J.  54,  45  Confirmed  work  of  Adel  and 

4.5  m  and  8.6  m  (1948)  Sutherland 

Hands  of  N  .O  at  3.90  m.  4.06  m  and  Phy*.  Rev.  74, 978  Confirmed  identification  of  N  /) 

4.5  m  (1948)  Enable  to  establish  7.8**  and 

8.6  m  hand* 

Band*  of  N7f>  at  2.13  m.  2.26  m  and  Proc.  Am.  Philo s.  Abundance  of  N-O  4  mra 
2.97  m  fou.ui  Sue.  93,  363 

(1949);  Aaron.  5  X  10"*  percent  by  volume 
/.  Si,  214(1949) 

Infrared  *nla  ipectrura  2.9  m  to  Pub .  Aaron.  Soe.  Numerous  line*  of  NjO  near 

3.6  m  invest  pa  ted  Pacific  61,  221  3.0  bind 

!  (1949) 

Te mjier a t ure  j  F  atmospheric  N,0  Aaron.  J.  55,  69  Effective  radiation  temfM*rature 
layer  (1950);  Cmtcn.  0°  to  |0  C.  N-O  largely 

_ _  _ Proe.  Rtty.  Met*-  present  in  Troposphere 

ortd.  Soc.  (1950) 

Band  of  NjO  at  2564  era-1  and  /Vog.  Report  OSR  The  2  r  hand  of  N.O  at  2564 
2461.5cm”1  Contract  NSor  cm”1  clearl)  resolved 

1*166,  August  1, 

1950 

Fine  structure  NjO  band*  Aarophy».  J.  112,  Sj»ectral  regions  8.56  M  to  8.8  1m* 

136  (1950)  1. 16  M  to  4.59  m  studied 

F  ine  structure  N,0  band  near  Phv i.  Re v.  78,  497  Some  70  rotation  lines  in  1.06m 
4.06  m  (1950)  band  ole*erved 

Analysis  of  Surface  Air  /.  dm.  fA«n.  Abundance  of  N-O  in  ground 

72,  1175  (1950)  air  same  order  »*f  magnitude 
as  from  tudar  spectra  iU*rp. 
tion  data 
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;  Tahir  V. 

The  OiMtivm,  Identification  and  Vertical  l)i»lrihut»oti  of  Atnm«pheric  Nitron*  Oxide  (Continued) 

1 

1 

1  I  n  vent  iga  tor 

l)atr 

I’larr 

Discovery 

lie  fere  nee 

Remarks 

A.lrl 

1951 

Arison  a 

Summary  of  line?*  of  idenre  of 

Scimrr  113,  021 

Origin  of  N.O.  Soil  air  an 

origin  atmospheric  ,V30 

(1951) 

important  source 

,*  V 

■  Ohhie,  Harding 

19S« 

England 

Atmospheric  transmission  in  the 

/'rue.  Hitv.  S*»t. 

Nil  present  in  atmosphere  at 

•- .1 

rt  at. 

1  to  14  m  region 

(bimliKi)  A  206* 

sea  level.  Elevation  over 

0 

1 

87(1951) 

paths  up  to  t  km 

Adel 

1952 

Antons 

Second  fundamental  of  NJIkj  at 

1‘kr,.  Nn.  88,  128 

e,  at  7.K  m,  er  at  1  7.0  m  and  v,  at 

V  *' 

17.0  m  discovered 

(1952) 

4.5  m  have  now  all  lieeu 

K* 

identified 

•s 

Hate*,  and  Hate* 

1952 

England 

.PhotiN’hemidry  of  N.O  from 

.-fun.  Iieifdv*.  8, 

N {(  >  at  70  km  and  3<>.km  con. 

ft 

ami  Vk  it  h*T*|MMm 

homogeneous  ga«  reactions 

191(1952);  Mitt 

ridered 

a 

probable  in  <up|x*r  atmosphere 

iS  at.  Hoy. .  t  ntroit 7 
Sur.  112*  101 

ft 

(1952) 

>*; 

Mipeottr  and 

1952 

Jtingfratijoch  Solar  *|»ertriim  from  13  m  to  2 1  m 

dgrw/dyi,  J.  115, 

Observation  of  atmospheric 

W 

.Seven 

(  Mhmtv  a» 

studied 

32h(i952);.Wrm. 

N*0  in  Switzerland 

/M 

tory, 

Sor.  Hity,  Sri. 

•  • 

p 

Switzerland 

l.i*fP  12,  105 
(1952) 

Shia,  ( >tholm 

1952 

Ohio  State 

Krinveatigatioii  «t|  i|ectral  region 

djtrw/dvi.  J.  116, 

Many  itM>re  ftn«-w  in  the  2a 

•\A 

.*  *\ 

and  (ilaa'—rn 

l  ni verity 

7  to  13  m 

5.51  ( 1952) 

hand  of  N*( )  oltM>ned 

tJiiMIrru  and 

1953 

Michigan 

Vertical  Distribution  of  Nd) 

J.  O/tt.  Stir.  Am.  13, 

NjO  uniformly  inived  with  the 

i 

Mullrr 

studied 

11133  (1953) 

major  constituent*  of  atmo*- 
pherc.  Concentration  con 
tained  in  lower  layers.  Sot 
higher  than  1 3  km 

" .  • 

tHMvdv  r  \d 

1953 

Camlwidge 

t  irigiil  of  .'T’nioHpherie  N.t  > 

{ hittrt.J .  R»v,  VE*fe- 

Bacterial  reaction*  in  the  *o«t 

VkaMiao 

1  niver-ity. 

itriil.  S., .  79,  m 

tlie  primary  source  of  atm** 

\\ 

England 

(1953) 

pheric  NO  Homogeneous 

ga.*  reaction*  in  upfier  atmoa. 
ph»‘rf  of  i-*H'n(lnrv  irof»or. 
taniv 
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u 


If 


V*,' 

\'.* 


v*  • 


TiM«*  VI,  Klrvilion  of  OiH^rvatnrifs  Obtaining  Data  on  .\tO 


Elevation  in 


Station  meter* 

MrMath-HuIbert  Oimrrvilnry,  I.ake  Angelas,  Michigan 
Mourn  4iU»n  Hlxnatury,  (jlifnrnia  1712 

bmrll  UliMTvalory,  Flac«t*iff.  Vri/ona  22l<t 

McMillm  Uliarvatory,  flnlumhu",  Ohio  233 

I  ni\»*r»ity  Ol»*»erv  atory ,  ( iamhridne,  England  2ft 

>aitam»,niH  Peak,  New  Mexico  27^1 

Jiinefraiij^  li.  >v»ii/«t!.unl,  International  Scientific  Station  .Vdf't 
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(a)  From  noil  air.  In  studying  the  analyses  of  certain  hydrocarbon*  at  the  Laboratories  of  the  Carter 
Oil  Company,  Tulsa,  Oklahoma,  kriegel  (1914)  identified  nitrous  oxide  a*  a  constituent  in  these  gases.  He 
gave  reasons  for  believing  that  nitrous  oxide  exists  in  soil  air,  and  suggested  as  a  plausible  source  of  nitrous 
oxide  in  soil  air  the  slow  decomposition  of  commercial  fertilizers.  es|«*eially  in  farming  regions.  Studies  of 
decomposition  of  vegetation  under  aerobic  conditions  show  that  nitrous  oxide  forms  a  large  (xirtion  of  the 
condensed  gas  fraction  in  soil  air. 

Basing  his  theory  upon  the  discovery  of  Kriegel.  Adel  (1946)  suggested  that  soil  air  might  1m-  one  source, 
and  perhaps  the  principal  one,  of  the  atmospheric  nitrous  oxide  layer  in  the  atmosphere.  Later  Adel  ( 1951 ) 
summarized  the  several  lines  of  evidence  to  supfMirt  this  early  hypothesis  of  the  origin  of  atmospheric  nitrous 
oxide:  (1)  A  British  Admiralty  group  found  from  infrared  atmospheric  transmission  that  large  concentrations 
of  nitrous  oxide  were  present  in  paths  parallel  and  close  to  the  surface  of  the  land  and  sea;  (2)  Solar  S[K-etra 
recorded  aboard  high-flying  aircraft  revealed  a  greatly  diminished  absorption  of  nitrous  oxide  in  the  7.8m 
region  with  height,  and  (3)  SIoIhmI  and  Krogh  (1950)  from  a  mass  spectroscopic  analy  sis  of  ground  samples 
of  air  found  the  concentration  of  nitrous  oxide  to  1m-  about  5  X  10~J  percent  by  volume,  that  >s,  of  the  same 
order  of  magsitti.de  as  that  deduced  from  infrared  absorption  methods.  The  following  cycle  was  proposed 
by  Adel: 

Nitrous  oxide  appears  in  the  soil  as  a  decomposition  product  of  the  fixed  nitrogen  compounds.  It 
diffuses  into  the  atmosphere.  In  the  upper  atmosphere  nitrous  oxide  is  decomposed  photochemically  by 
X  <  2000  A  into  Nj,  (.)»  and  NO.  At  these  high  atmospheric  levels  NO  is  also  decomposed  photochemically 
into  nitrogen  and  oxygen  by  X  <  2000  A.  The  nitrous  oxide  presumably  accumulates  above  the  earth’s 
surface  until  the  rales  of  accumulation  and  decomposition  are  equal. 

(b)  From  homoiyniiets  gos  reaction*  in  the  upper  atmosphere.  Bates  ('1952),  and  Bates  and  Witherspoon 
(1952)  employ  ing  absorption  cross  sections  derived  from  several  laboratory  investigations  of  different  groups 
of  investigators  have  calculated  the  rate  of  photodissocialiou  by 

N  jO  +  he  -»  N,  -f  O 

which  liegins  at  about  X  3700  A,  and  the  reaction 

NjO  +  h»  —  NO  +  N 

which  begin*  at  about  X  2400  A.  Two  levels  of  nitrous  oxide  were  considered,  ground  level  and  the  70-km 
level.  It  was  assumed  that  all  the  nitrous  oxide  is  contained  in  a  10-km  layer  at  one  or  the  other  of  these 
levels.  The  calculations  show  that  if  the  layer  were  at  ground  level  the  number  of  N’jO  molecules  destroyed 
by  photodissociation  would  lie  some  5  X  10*  cm’  sec.  At  the  70-km  level  the  number  would  be  some 
3  x  1»»  cm’  sec. 

These  are  large  destruction  rates  and  i.n  order  to  account  for  them  Bates  and  Witherspoon  considered 
that  the  only  plausible  parent  particles  are  the  O  atoms  and  Oj  molecules  in  the  loiver  atmosphere  by  which 
equilibrium  is  preserved  by  the  following  reactions. 

0  +  0!+  M  — *  Oj  +  M 
O,  +  An  —  O,  +  O 

The  formation  of  nitrous  oxide  might  result  from  the  following  reactions  which  are  considered  the  most 
favorable  and  sufficient  to  meet  the  nitrous  oxide  requirement. 

O  +  N:  +  M  —  NjO  +  M 
Oj  +  N-  — -  NjO  +  Oi 
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More  recently  the  question  a*  to  the  origin  of  atmospheric  nitrous  oxide  has  been  studied  by  Goody  anti 
aleliaw  fl'f">4;  ol  the  Cavt-ndi-h  Laboratory,  Cambridge,  Knglatid.  I'roin  new  observational  data  they 
were  able  to  make  an  estimate  of  the  rate  of  the  reaction, 

Nj  +  Oj  — *  i\j()  +  Oi 

which  was  considered  by  Hates  ami  Vi  itherspoon  as  being  the  most  promising  of  the  homogeneous  gas  reac¬ 
tions  for  the  production  of  atmospheric  nitrous  oxide. 

Goody  and  %  al-haw  studied  the  rate  of  the  above  reaction  by  mixing  nitrogen  and  ozone  in  an  absorp¬ 
tion  tube,  measuring  the  ozone  decay  from  the  absorption  in  the  Chappuis  bands  (6020,  5872,  and  5750  A), 
and  the  nitrous  oxide  formed  Irom  the  intensity  in  the  7.8  p  band.  The  rate  coefficient  was  deduced  to  be 
less  than,  or  equal  to.  5  X  10“-''  cm3  sec-1  at  1*>°G  as  compared  to  5  X  lO-37  cm1  sec-1  obtained  by  Hates 
and  W  ithers|HMin.  W  all  reaction  efle-  is  and  other  factors  were  considered.  The  evidenceobtained  by  Goody 
and  \X  alstiaw  indicated  that  the  homogeneous  gas  reaction  mechanism  proposed  by  Hates  and  Witherspoon 
is  ton  slow  by  a  factor  of  40  to  account  for  the  observed  concentration  of  nitrous  oxide  in  the  atmosphere. 
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Courtesy  of  Cerhard  Herzls-rg.  National  Research  Counril,  Ottawa,  (Canada, 
fia.  2.  A  spertroeram  of  the  t  v.  hand  of  N.O  at  1.13  a.  This  band  in  the  photographic  infrared  has  the  P  and  K  branches 
only.  Tile  spectrum  of  N.-O  wa  -  studied  fsdow  1 .2  with  Iona  ah-orhing  paths  up  to  43<H>  m  atmos.  In  this  spectral  region  the 
hands  of  \  .t  tar-*  overlapjted  hy  the  gr«s»t  It  at  hand  near  1.13  m-  The  positions  of  the  NjO  lines  are  indicated  heluw  the  sjiectro- 
gram,  while  the  ll.lt  lines  are  shown  als>ve  it. 

As  a  result  <»f  these  observational  data  the  emphasis  has  been  reversed  and  is  favorable  towaril  bacterial 
reactions  in  the  soil  to  be  probably  the  principal  source  of  atmospheric  nitrous  oxide.  The  rate  of  production 
is  considered  sufficient  to  compensate  the  photochemical  decomposition.  The  homogeneous  gas  reaction 
theory  according  to  this  more  recent  quantitative  study  is  of  less  and  secondary  importance.  One  might 
conclude  that  there  are  these  two  processes  jn  operation  to  supplv  nitrous  oxide  to  the  earth's  atmosphere. 
Additional  data  are  probably  needed  to  decide  definitely  which  might  be  considered  to  he  the  more  imfsirtant. 

l.t.V  f  ertirril  distribution  of  \,0  in  th<- ntmnsphrrp 

Various  estimates  have  been  made  about  the  vertical  distribution  of  nitrous  oxide  in  the  earth’s  atmos¬ 
phere.  Some  favor  the  hyjsithesis  that  it  is  concentrated  in  the  lower  layers  of  the  atmosphere,  in  the 
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troposphere  and  lower  stratosphere,  and  is  uniformly  mixed  failing  off  in  concentration  with  height  similar 
to  the  other  permanent  atmospheric  constituents.  Others  believe  that  the  nitrous  oxide  is  present  in  the 
upper  atmosphere  in  suiheirnt  amount  to  account  for  the  formation  of  nitric  oxide 

X  <  2  tOO  A 

NjO  +  hv  - *  NO  +  N(‘S) 

at  altitudes  of  80  to  00  km.  The  following  table  summarizes  statements  in  the  literature  about  the  vertical 
distribution,  while  the  following  figure  by  A.  F.  Mitra  gives  the  vertical  distribution  in  the  upper  atmosphere 
from  homogeneous  gas  reactions  believed  to  occur  at  these  higher  altitudes. 


n(  (N20)  per  CM3 


n2  {  n20)  and  n3  (N20)  per  CM3 

From  A.  P.  Mitra.  Ionospheric  Research,  Scientific  Report  No.  46,  The  Pennsylvania  State  College. 
Fig.  3.  The  vertical  distribution  of  NjO  in  the  upper  atmosphere.  The  distribution  (n,)  was  calculated  on  the  assumption 
that  the  parent  particles  in  NjO  formation  are  from  O,  and  Nj 

O,  +  N,  -  N,0  +  O, 

The  distribution  (n,)  considers  atomic  oxygen  and  Nt  as  the  parent  particles. 

Nt  +  O  +  M  -*  N,0  +  M 

The  infrared  absorption  hands  of  such  minor  gaseous  constituents  of  the  atmosphere,  such  as  HjO-vapor, 
COj,  Oj,  NjO,  etc.,  have  been  most  widely  employed  to  detect  and  measure  their  distribution.  Line  intensi¬ 
ties,  the  nature  of  line-broadening  mechanisms,  the  consequent  line  shape,  the  line  widths  and  the  effect  of 
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temperature  and  pressure  upon  them  are  useful  to  permit  quantitative  interpretation  of  nitrous  oxide  in  the 
solar  spectrum  recorded  at  different  levels  in  the  atmosphere. 

The  papers  by  Adel  (1950),  Goldberg  and  Muller  (1953),  and  Goody  and  Walshaw  (1953)  probably  give 
the  latest  quantitative  data  upon  the  vertical  distribution  of  i\»0.  The  method  used  by  Adel  was  the 
measurement  of  the  effective  radiation  temperature  lor  the'NtO  layer  in  the  earth’s  atmosphere  from  measure¬ 
ments  of  its  emissivity  and  radiation  intensity  at  7.8  n.  The  met  heal  is  a  general  one  and  applicable  to  other 
atmospheric  gases,  such  as  ozone.  7 

Assuming  that  the  nitrous  oxide  is  present  in  an  isothermal  layer  which  is  a  largely  unknown  factor  for 
NjO.  Adel  found  effective  radiation  temperatures  between  0°  and  10°C.  This  temperature  range  for  NjO 
coupled  with  the  well  developed  distribution  of  rotational  intensities  in  the  atmospheric  absorption  bands 
indicated  that  nitrous  oxide  is  concentrated  mostly  in  the  troposphere. 

Goldberg  and  Muller  (1953)  have  determined  the  vertical  distribution  of  nitrous  oxide  in  the  earth’s 
atmosphere  by  the  low-sun  method.  The  principle  involved  in  this  method  is  that  in  a  curved  atmosphere, 
the  amount  of  absorbing  gas  traversed  by  a  ray  of  sunlight  from  directions  near  the  horizon  depends  upon 
the  vertical  distribution.  The  relative  amounts  of  absorbing  gas  traversed  by  light  rays  coming  from  different 
zenith  angles  of  the  sun  were  ca  lculated  from  the  Link  and  Sekera  tables  (Puhl.  Nat.  06s.,  Prague,  14  (1940)). 
The  values  in  these  tables  are  based  on  the  observed  density  distribution  in  the  atmosphere  and  take  into 


LIFETIME  (DAYS) 

From  Goody  and  Walabaw,  and  Bal«  and  Wither  spoor*. 


Fi*.  Natural  lifetime  of  a  molecule  of  NfO  to  phot odissociat ion  at  different  altitudes  from  theocetirtl  con? (derations  of 
Hate*  and  Vitherapoon  (19SJ2). 
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uniform  mixing 


Courtwv  of  (*nhll>erg  and  F.dith  A.  Muller.  McMath-Hulbert  Observatory,  l.niversitv  of  Michigan 
Fie.  .V  F.mpirieal  curve*  of  growth  for  N.l I  ax-uming  that  N.-O  in  concentrated  in  a  layer  of  uniform  density  vkm  thick  at 
altitude*  of  (a)  V*.  0)^  2.v.  and  (V)  I  km.  and  M I  that  N .( )  ha*  the  name  vertical  distribution  a*  the  main  Ihm|>  of  the  atmosphere. 

The  relation  Iw-iween  the  total  absorption  of  a  line  and  it*  integrated  absorption  coefficient  defines  the  *n-cj'!ed  c  ».-ve  •  »f 
growth.  The  ordinate  (log  .4)  is  the  iogjritlmi  of  the  total  absorption  in  sec~b  The  ah»ci**a  is  the  log  /.0  (path  length  in 
air  ma**e«). 

TIk  *olid  lin»  i*  the  lower.  linear  end -S  a  thei»r*  ’ical  rnr\e  of  growth  for  pure  colli*ional  broadening  with  y  2  r  ~  2.0  X  if'* 
see  *.  It  ntav  |w  observed  that  for  i\.  /.  >  Ml  dog  f.,  >  I )  uniform  mixing  i*  the  only  graph  in  accord  with  tb<*  observations, 

nhile  VS  ben  tin-  number  of  air  nia*»e*  t*  le*«  than  four  all  four  assumptions  of  vertical  distribution  are  in  accord  with  the 
observations. 
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Table  VII.  Vertical  Diatrihution  of  Atmospheric  Nitroua  Oxide 


Author 

Date 

Place 

Height 

Reference 

Adel 

1950 

Arizona 

Largely  present  in  the  tropo- 

Matron .  J .  5.5,  00  (1050);  (lentpn, 

aphere 

Proc.  Roy.  MrU'oroL  Soc.  (Lnn- 
don),  pp.  5  8  ( 1050) 

Ratfi  and  Nicolet 

1950 

(Theoretical) 

Lack  of  data  on  vertical  diatribu- 
tion.  Probably  confined  to 
tropoaphere 

J.  Geoph\a.  RvMHtrch  .5,5,  306 
(1950)  ' 

Slubod  and  Krogh 

1950 

Texaa  and  Wyoming 

Ground  air  nor  merely  a  than 

J.  Am.  Ou-m.  Sue.  *2,  1 1 75  (1950) 

layer,  distributed  throughout 
the  atmoaphere 

Wormell 

1950 

F.npland 

Ovura  in  Inweat  layer*  of  the 

Cerxtpn.  Proc.  Roy.  Mctcoroi.  Site. 

atmoaphere 

( London )),  p.  30  (1050) 

Cebbie  and  Others 

1951 

England 

Preaent  at  aea  level  and  up' to 

Proc.  Roy  Sttr.  (London)  A206, 

4  km 

87 (1951 j 

Bates 

1952 

(Theoretical) 

Prevalent  in  the  tropoaphere 

Ann.  GmpMrs.  8,  191  (1952) 

Goldberg  and  Muller 

1953 

Michigan 

Lower  leve|a  of  the  Atmoaphere, 

J.  Opt.  Sur.wf .  13, 1033  ( 1953) 

not  higher  than  15  km 

f 

Goody  and  Walshaw 

1953 

England 

Uniformly  mixed  up  to  10  km 

Quart.  J.  Rou.  MrtPurol.  Sac ,  79, 

and  probably  40  kra 

0)6(1953) 

account  the  refraction.  Densities  up  to  20  km  were  taken  from  '’Physics  in  the  Atmosphere”  by  Humphreys, 
McGraw-Hill  Book  Company,  Inc.,  New  \ork  (1910). 

The  quantity  Lf  L,„  the  path  length  in  the  air  masses,  was  caleulateil,  where  Lz  ami  T0  are  the  total 
amounts  of  absorbing  gas  in  direction  of  the  zenith  angle,  z,  and  through  the  zenith.  It  was  assumed  that 
the  vertical  distribution  of  nitrous  oxide  is  concentrated  in  a  layer  of  uniform  density  5-ktn  thick  at  altitudes 
15.  25.  and  50  km.  and  that  the  N.O  has  the  same  vertical  distribution  as  the  main  body  of  the  atmosphere. 
Kmpirieal  curves  of  growth  for  N-O  on  the  above  assumptions  as  to  vertical  distribution  s|n>w  that  the  line 
intensities  for  N-O  observed  at  low  solar  altitudes  seem  definitely  to  rule  out  the  concentration  of  N’jO  in 
layers  at  altitudes  of  15  km  or  higher  in  the  earth's  atmosphere,  and  resides  mostly  in  the  lower  levels  of  the 
atmosphere. 


(iourtrsy  i»f  I >r.  Kolicrt  It.  MrMalh  and  I)r.  Ico  Guldlicrj;,  McMuth.lfulliert  Observatory,  t  niversitv  of  Michigan. 
I*  iff.  6.  I  fir  fiand  uf  Ntl  at  2.1.1  u.  from  flic  comparison  *if  llu*  intrn«iti*s  nf  tlir  hands  in  tin-  earth's  atmosphere  (telluric 
spectrum)  anil  a  known  amount  of  Nil  in  a  lalmratury  s|ieclrum.  tin*  equivalent  ahundanee  of  N.O  in  the  earth's  atmosphere 
was  determined. 
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1.4.4  Abundance  of  atmospheric  nitrous  oxide 

The  various  values  that  have  been  obtained  for  the  abundanee  of  nitrous  oxide  in  the  earth’s  atmosphere 
are  listed  in  the  following  table.  These  values  were  obtained  in  most  rases  from  infrared  absorption 
methods.  For  example,  the  abundance  of  atmospheric  NjO  was  determined  by  MrMath  and  Goldberg 
(104*))  hy  comparing  the  intensities  of  the  lines  of  the  2.13  u  band  in  the  solar  spectrum  with  that  produced 
by  a  known  amount  of  NjO  from  laboratory  experiments.  The  telluric  absorption  was  found  to  be  equiva¬ 
lent  to  that  which  would  be  produced  by  4  mm  of  N50  at  ISTI‘.  W hile  the  values  obtained  by  various 
investigators  vary  from  3-10  atmo-mm  (ISTP),  it  might  be  concluded  that  they  are  remarkably  constant 
considering  the  differences  in  elevation  of  the  observing  stations. 


NNO  BAND  HEADS 


BAND  CENTER 
22627 


Courtesy  of  Dr.  Robert  R.  McMath  and  Dr.  Leo  Goldberg,  McWath-Hulbert  Observatory,  Lniversity  of  Michigan. 
Fig.  7.  Laboratory  infrared  «peetrum  of  NjO  in  the  2  u  -pertral  region.  The  two  band*  located  at  2.13  p  and  2.26  m  ■«" 
absorption  band*  which  may  lx*  observed  in  the  *o!ar  «pectrujn. 
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Table  VIII.  Abundance  of  Nitron*  Oxide  in  the  Atmosphere 


Author 

Date 

Place 

Abundance 
atmo-tnm  NTP 

Reference 

Adel 

1939 

Arizona 

Several  mm 

Astrophys.  J.  90. 627  (1939) 

Adel 

1941 

Arizona 

3 

Phys.  Bit.  .59, 941  (1*441 ) 

Sutherland 
and  Calendar 

1942 

England 

8 

Reports  f’rog.  /Viva.  9,  18  (1912  43)  _ 

Shaw,  Sutherland, 
and  Wormrll 

19 18 

England 

10 

Phys.  Rev.  74,978  (1918) 

MrMath 

1949 

M  ichigan 

4 

Astro n.  J.  .51, 214  (1949) 

Me  Math  and  Goldlierg 

1919 

Michigan 

.4 

Peer.  Am.  Phil,,,.  Sor.  93, 363  ( 1949) 

Adel 

1950 

Arizona 

5  '  . 

Centra.  I* roc.  Roy.  MetrortU.  Site.  (London), 

pp.  5-8(1950) 

Goldberg 

1950 

Michigan 

4 

Reports  Prog.  Phys.  13.24  (1950) 

Me  Math  and  Other* 

1950 

M  ichigan 

4 

Phys.  Rev.  78,65(1950) 

Slobod  and  Krogh 

1950 

Texa*  and  Wyoming 

5  X  I0"1  percent  by 
volume 

J.  Am.  Chem.  Soc.  72,  1175  (1950) 

1.5  NITRIC.  OXIDE 

AND 

OTHER  OXIDES  OF 

NITROGEN  IN  THE  ATMOSPHERE 

1.5.1  \itric  oxide  (NO) 

The  definite  identification  of  the  presence  of  nitric  oxide  as  a  permanent  constituent  of  the  earth’s 
atmosphere  has  not  up  to  the  present  time  (1955)  been  established  by  direct  observation.  From  the  analysis 
of  the  «olar  sjwctra  from  Rocket  flights  on  10  October  1916  and  7  March  1917.  Durand.  Utterly  and  Totisey 
I  |9|9i  of  .NHL  found  the  structure  Itetween  XX  2200  A  and  2500  A  could  be  caused  by  atmospheric  bands  of 
.\< I,  since  the  sjH-ctrum  couhl  not  !»■  interpreted  in  terms  of  known  atomic  lines.  Later  (1955)  Johnson  and 
other  workers  at  NHL  with  the  aid  of  more  intense  exposures  have  studied  the  existence  of  atmospheric 
nitric  oxide  further.  From  a  densitometer  tracin':  of  the  solar  spectrum  ami  the  ptsitions  of  the  nitric  oxide 
hand  heads  it  appeared  that  nitric  oxide  is  not  present  in  sufficient  quantity  in  either  the  earth’s  or  the  sun’s 
atmosphere  to  cause  significant  absorption  in  this  spectral  region. 

Migeotte  and  Me  von  (1952)  also  were  unable  from  infrarei)  studies  to  find  the  presence  of  atmospheric 
nitric  oxide.  They  concluded  that  no  more  than  0.02  cm  .NTP  of  nitric  oxide  could  be  present  in  the  earth’s 
atmosphere.  This  \  able  sets  a  rather  upper  limit  for  the  abundance  of  this  oxide  of  nitrogen  in  the  atmosphere. 

From  theoretical  considerations  rXioolet~(1945>  deduced  that  nitrir  oxidoshould  be  an  important  con¬ 
stituent  in  the  higher  altitudes  of  the  atmosphere  below  the  transition  region  where  molecular  oxygen  is 
dissociated  into  atomic  oxygen.  'The  following  two  processes  were  considered  tsissible  for  the  production 
of  nitric  oxide  in  the  upper  atmosphere.  In  a  region  where  there  are  sufficient  numbers  of  atomic  nitrogen 
and  oxygen  atoms  the  three  body  reaction  may  occur. 

N  +  O  +  M  —  NO  +  M 

\  second  po'-ibic  mechanism  for  nitric  oxide  production  is  the  phntodissociation  of  nitrous  oxide  into  atomic 
nitrogen  and  nitric  oxide. 

X  $  2100  A 

N-O  +  hu  — 


AO  +  N  OS) 


In  the  table  on  page  18  the  various  statement*  in  the  literature  with  reference  to  the  presence  of  nitric 
oxide  in  the  atmosphere  are  summarized.  While  references  to  the  theoretical  possibility  of  atmospheric 
nitric  oxide  are  abundant,  and  there  is  much  supporting  evidence  in  photochemical  and  photoionization 
processes  for  its  existence,  and  its  importance  in  excitation  phenomena,  the  direct  discovery  from  observa¬ 
tional  data  still  remains  a  scientific  goal  to  he  achieved. 


n  (N  0)  per  CM 


From  A.  P.  Mitra.  Ionospheric  Research,  Scientific  Report  No.  16.  The  Pennsylvania  State  Oillcpe. 

Fig.  8.  The  vertical  distribution  of  NO  in  the  upper  atmospherr.  The  distribution  n,  (NO)  considers  the  formation  of  NO 
from  the  dissociation  of  N-.O 

X  $  2  WO  A 

N.O  +  h, - .  NO  +  N  (4S) 

if  NjO  is  formed  from 

O,  +  N.  —  N.O  +  O, 

The  distribution  n.  (NO)  considers  the  NO  to  come  from  NjO  formed  by  the  reaction 


N,  +  O  +  M  -  NjO  +  M 
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Table  IX.  Tin*  Prwrnw  of  Nitric  Oxide  in  the  Atmosphere 


Author 

Date 

Statement 

Reference 

Kaplan 

1939 

NO  hands  present  in  light  of  night  sky  hut  not  observed 
due  to  ozone  absorption 

Suture  1 14,  152  (1939) 

Klvey,  Swings  anti 

Link* 

1941 

Presence  of  the  5-hand*  of  NO  in  the  night  sky  not 
ascertained,  nor  has  it  been  excluded 

Aatrnphys.  J .  93, 337  (1941) 

F.lvcy 

1942 

Both  the  5-band*  and  the  7-band*  may  be  present  in  the 
spectrum  of  the  non-polar  aurora 

Rev.  Mud.  Phy ».  14, 140  (1942) 

Price 

1942 

NO  may  be  present  as  an  important  atmospheric  con* 
stituent  due  to  photodissociation  of  NjO  and  reaction 
of  NjO  with  atomic  oxygen  and  a  third  body 

Repurts  Prug.  Phyt.  0.  10  (1942- 
43) 

Nicole  I 

1945 

NO  an  important  constituent  in  the  upper  atmosphere 

Inst.  Roy.  ftfptmrol.i  Belgium 
Memoires  19,  121  (1945) 

Wonley 

1946 

NO  may  be  a  source  of  electrons  in  the  Ft  layer 

Proc.  Hoy .  Soc.  (London)  A  187, 
414  (1916) 

Bates  and  Massey 

1947 

NO  may  be  found  in  upper  atmosphere  by  collision  of 
atomic  nitrogen  with  atomic  oxygen 

Proc.  Hit y.  Soc.  (London)  A  192, 

1  (1947) 

Nicolet 

1948 

NO  and  Ot  characterize  the  atmospheric  ran^e  of  the  E 
layer,  and  aurora 

Phys.  Soc.  (London)  "Emission 
Spectra  etc."  (1948) 

Durand,  OI>erly,  and 
Tonne  y 

1949 

The  NO  band  at  X  226-*  A  in  Rocket  ultraviolet  solar 
spectra  could  be  interpreted  as  atmospheric  bands  of 

NO 

Astrophys.  J.  109, 1-16  (1949) 

Nicolet 

1949 

Reaction  of  N  +  O  — *  NO  possible  in  the  tipper  atmos¬ 
phere 

J .  Geophys.  Research  54,  373 
(1949) 

Bates  and  Nicolet 

1950 

Although  amount  of  NO  in  the  atmosphere  unknown, 
it  is  probably  present  due  to  photodissociation  of  N-O 

J.  Gwphys .  Research  55, 306  ( 1 950) 

Bates  ami  Seaton 

1950 

Not  unlikely  that  NO  is  an  important  constituent  of  the 
upp-r  atmosphere 

Proc.  Phys.  Soc.  (London)  63  B, 
129  (1950) 

Bales 

1951 

In  the  absence  of  evidence  to  the  contrary  it  seems  best 
to  assume  that  NO  is  a  very  minor  constituent  at  all 
levels 

Proc.  Phys.  Soc.  (London)  64  B, 
805  (159D 

Mitra,  A.  P. 

1951 

A  reference  to  Nicolet  who  considered  ionization  of  NO 
at  X  1300  A  a  process  in  the  D  layer  formation 

J.  Geophys.  Research  56,373  (1951) 

Bates 

1952 

If  atomic  nitrogen  and  NO  are  constituents  of  the  upper 
atmosphere,  then  NO-  should  also  exist 

Ann.  Geophys.  R.  194  (1952) 

Nicolet  and  Mange 

1952 

The  NO  molecule  is  an  important  constituent  in  the  D 
region 

Scientific  Report  No.  35,  Penn 
State  (1952) 

Migeotte  and  Neven 

1952 

L'nable  to  find  atmospheric  NO  from  infrared  studies. 

Mem,  Soc,  Hoy.  Set Liege  12, 

. .  '  "  • 

‘  1  ’  ‘  - 

No  more  than. 0.02  cm  NTP  present  in  the  earth's 
atmosphere 

105  (1952) 

Vegard*  Kvifte  and 
Tonslwrg 

1952 

Observed  the  5-hand  of  NO  in  the  spectrum  of  the 
auroral  luminescence  at  XX  5236,  1913,  1030,  3961, 
and  3880  A 

Crofys.  Puhl.  18.  No.  3  (1951); 
ibid.  18,  No.  8  (1952) 

By  ram  and  Others 

1953 

Lyman-alpha  observed  at  71  km  in  solar  spectrum  from 
Rockets.  Absorption  of  1 1  La  radiation  may  produce 
D-layer  ionization 

Phys.  Re V.  91,  1278  (1953) 

Johnson  and  1  Ithers 

1953 

Reference  made  to  previous  report  by  Durand  and 
others  of  atmospheric  NO.  Double  bands  of  NO  at 
2265  A  and  2150  A  studied  thoroughly.  No  evidence 
for  presence  of  NO  in  either  the  terrestrial  or  solar 
atmosphere 

Gd^iot  Meeting.  August  (1953) 
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Tahir-  I  hr  Presence  of  Nitric  Oxide  in  the  Atmosphere  (Continued) 

Author  Date  Statement  Reference 

1053  The  limuil  ham)  between  2200  u nr J  2300  A  might  come  Scientific  lleporl  No.  -16,  Penn 
frmir  NO  existing  ill  sun's  atmosphere  State  (1053) 

Nicolet  1953  From  theoretical  considerations  NO  is  possible  quite  Scientific  lte|H>rt  No.  52,  Penn 

abundant  helow  region  where  Oj  is  dissociated  into  ()  State  (1053) 

Watanalie  and  Others  1053  Absorption  cross  sections  .4  t  b  arid  NO  ami  pliiitoiom-  PAvr.  lirr.  90,  155  (1053);  ibid. 

zalinn  of  NO  delcrmim-d.  Supports  theory  of  NO  91,436  (1953);  ibid.  91,  1155 

ionization  mechanisms  for  the  formation  of  the  D  (1953) 

layer 


Courtesy  of  Dr.  William  A.  Rensc,  University  of  Colorado,  Boulder,  Colorado. 


Fig.  9.  A  Spectrogram  showing  the  I.vman-alp'ia  line.  The  spectrogram  was  obtained  hv  photographing  the  Sun’*  spectrum 
during  u  rocket  firing  12  Deei-ir.her  1952  with  u  grazing-incident  speelrograpli  during  a  211-second  exposure  by  a  biaxial  sun- 
follower  in  an  Acrobec  rocket.  Tins  dio-overv  together  with  the  detection  of  solar  radiation  between  1 180  A  and  1300  A  with 
the  aid  of  photon  counters  (lowu  in  rockets  and  reported  by  Hvrarri,  Chiihh,  Friedman,  ami  Lielitman  (1953)  who  detected 
Lyman-alpha  radiation  at  a  depth  of  shout  71  km;  and  tin*  recent  investigations  by  %  atanala-,  Marino  and  Inn  (1953)  on  the 
absorption  cross  section  and  pliotnionization  of yiifric  oxide  (NO)  at  the  Fyitiun-alpha  wavelength  (1216  A)  lend  support  to  the 
theory  that  the  plmtoionizution  of  NO  is  a  plausible  mechanism  for  the  formation  of  the  D  layer. 


Mitra,  A.  P. 
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Courtesy  of  Dr.  William  A.  Rense,  University  of  Colorado,  Boulder,  Colorado. 
Fig.  10.  Lyman-alpha  line  (1216  A)  greatly  enlarged  from  first  printing  on  the  film  of  Fig.  9.  Approximate  magnification  X  10. 


1.5.2  Nitrogen  dioxide  (NO*)  in  the  upper  atmosphere 

In  discussing  absorption  spectra  and  absorption  coefficients  of  atmospheric  gases.  Price  (1942-43)  con¬ 
siders  nitrogen  dioxide.  lie  states  that  if  much  nitric  oxide  (NO)  is  present  in  the  upper  atmosphere  some 
nitrogen  dioxide  might  be  formed  during  the  night.  The  absorption  of  radiation  of  wavelengths  from  6000  A 
to  3700  A  and  in  the  shorter  wavelengths  by  nitrogen  dioxide  would  limit  the  amount  of  nitrogen  dioxide 
in  the  atmosphere  during  the  day. 

Bates  (1952)  also  has  studied  the  possibility  for  the  existence  of  NO*  in  the  upper  atmosphere.  If 
atomic  nitrogen  anti  nitric  oxide  are  constituents  of  the  upper  atmosphere,  nitrogen  dioxide  should  also  be 
present.  Bates  has  suggested  the  following  mechanisms  to  account  for  the  formation  of  nitrogen  dioxide 
in  the  upper  atmosphere. 

(a)  Direct  combination. 

N  +  0,  +  M  -»  NO,  +  M 
N  +  03  —  NO,  +  O 

(b)  Oxidation  of  nitric  oxide. 

NO  j  O  +  \1  —  NO*  +  M 
NO  +  03  — *  NO*  +  0* 

It  should  be  remarked  that  these  reactions  are  merely  speculative,  as  much  requisite  basic  data  are  lacking 
to  establish  positive  evidence  of  the  occurrence  of  NO*  in  the  upper  atmosphere. 

Nicole t  (1953)  has  considered  the  photochemistry  of  nitrogen  dioxide  in  the  upper  atmosphere  along 
with  (a)  nitrous  oxide  and  (li)  nitric  oxide  which  generally  are  regarded  to  he  I  he  most  important  of  the  oxides 
of  nitrogen  at  high  levels  and  in  ionospheric  phenomena,  Nieolet  stales  that  nitrogen  dioxide  is  not  con¬ 
sidered  an  important  constituent  in  the  mesosphere  (I.  I',  (i.  (i.  nomenclature  ■  during  daylight,  since  the 
rate  coefficient  of  dissociation  is  high.  Nitrogen  dioxide  processes  during  the  night  have  not  been  investi¬ 
gated,  however  several  laboratory  studies  on  radiative  processes  indicate  that  nitrogen  dioxide  may  be  an 


I 


21 

ini[><irtunt  ronfribtitor  to  the  continuous  airglow  spectrum,  The  following  reaction*  were  Mipgtutfil  by 
Nicolet  which  might  lie  important  inrrhani*tu*  in  the  night  uirglow.. 

NO,  +  ()  — »  NO  +  O*  (excited) 

NO  +()  —  NO,  +  he  (X  <  3700-4000  A) 

NO  +  O,  —  NO,*  4-  O, 

I  •5.3.  Thr  role  of  nitrnprn  axitlr*  (  NO  and  N<  k)  in  smog  ronditioM 
A*  early  as  1923  Reynold*  -tudicd  the  formation  of  nitrogen  dioxide  and  ozone  during  thunderstorm* 
over  London.  Kngland  in  order  to  u,t*wrr  <jue*tion*  a*  to  what  chi  mieal  ehange*.  if  any,  are  associated  with 
atmospheric  eleetrieal  discharges.  Later  in  1030  Reynold*  noted  that  nitrogen  dioxide  wait  e**entially  a 
constituent  of  town  air.  there  tieing  ahout  *ix  time*  a*  nint  h  nitrogen  dioxide  in  the  air  over  the  City  of 
I/ondon  a*  the  amount  mea*tired  at  l  pmin-ter,  a  suburban  distort.  - -  - - - —  - 

In  view  of  the  great  intere*t  of  knowing  the  amount*  of  the  oxide*  of  nitrogen  in  the  atmosphere,  several 
quantitative  method*  have  been  developed  for  the  determination  of  the  oxide,  of  nitrogen  in  air.  A  summary 
of  v  arious  analy  tieal  met  Ik  i*  given  in  I  able  \.  In  general  moat  of  the  method*  are  basically  eolorimetrie 
proTedure*.  and  have  sensitivities  of  the  order  of  one  part  per  million,  or  less,  by  volume. 


Table  \.  Determination  of  Oxide*  of  Nitrogen 


Author 

Method 

Sensitivity 

Reference 

Francj*  and 

1’arponfl 

Oxidation  *ith  IfjO* 

(^»hirimetrir 

Phenoldi»ul  funic  acid 

Lew  than  1  ppm 

Analy*  50, 262  (1925) 

Fdgar  and 

Paneth 

NOj  absortwd  on  silica  gel  at  —  12091'.  Sub¬ 
sequent  oxidation  with  II  . O.  colorimetric 
2:4.»ylen-l*>l 

I^e**  than  !  ppm 

J.Chem.  .Soc.  (1941)519  527 

Beyer 

NO*  fa)  Titrimetrir  by  reduction  to  Nil,, 
(b)  Photometrically  hy  mlor  uith  llo«vay 
reagent  (iMjIfanilic  arid  and  alpha  naph- 
thylamine  in  acetic  acid) 

1  ppm 

7.  anorg  allgem.  Chem.  250,  321- 
30  (1943) 

Cholak  and 

McNary 

A  study  of  efficiency  of  different  mrthods 

Senaitivitie*  com¬ 
pared 

J.  Ind.  Hvg.  Toxicol.  25,  354 
(1943) 

Averell  and 

Other* 

Colorimetric  standard*  ha*et|  on  *ulfanilic 
acid  and  alphaenapfithOamine  in  acetic 

5  ppm 

Anal.  Chem.  19,  1040  (1917) 

Flagg  and 

Lobcne 

NOi  absorbed  on  silica  gel 

Colorimetric  *ith  diphenyiamine 

1-50  ppm 

J.  Ind.  Hyg.  Toxicol.  .30,  3T0 
(1948) 

Pnl^rbaev  and 

Girina 

Nn.  solfanilie  arid  and  I  napbthylamine 

1  ppm 

Gigirna  i  Sanit  (1919)  No.  11, 
26-9 

The  fumes  of  nitrogen  dioxide  are  frequently  encountered  in  many  industrial  operations.  In  confined 
places,  such  as  underground  working  and  mine*,  small  quantities  of  NO.  may  seriously  impair  the  health 
of  the  worker.  As  a  result  of  thousands  of  analy  tical  tests  made  on  a  daily  basis,  the  following  correlation 
hy  Larson.  Fischer  and  Hamming  (1953)  in  thr  air  over  Los  Angeles  is  significant: 
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PcrKxii  of 
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ppm 

0.4 

X  Idle  opinions  of  various  Hnrlirn  differ  greatly  ax  to  tin*  tour  Irvflu  of  NOj  vajior*,  the  vulue  set  by 
tin*  American  Standard*  Association  i*  25  ppm  (partx  [x*r  million).  In  tin*  Lox  Angeles  area  the  nitrogen 
ilio\i<le  eimrentration  reaehex  \  alue*  of  0.4  ppm  which  ix  eonxiilerably  lexx  to  the  extent  that  their  physiologi- 
eal  effects  can  lie  noticed.  The  oxides  of  nitrogen  are  by -product*  of  the  eomhuxtion  of  xome  kind*  of  fuel*, 
particularly  by  oxidation  of  ammonia  waste  gaxex  from  relinerie*  which  employ  the  regeneration  of  cracking 
catalysts.  xulfuric  acid  manufacturing  plant*,  pickling  processes  for  xtainlexx  xteel*.  and  exhaust  fume*  from 
automobile*,  truck*  and  hu**ex,  all  contribute  ax  xourcex  of  the  oxide*  of  nitrogen  to  air  |M>llution.  Kxtimates 
show  that  from  eomhuxtion  proccxxc*  that  nitrogen  oxide*  are  liberated  at  a  rate  of  200  to  300  ton*  daily 
into  the  I.oe  Angele*  air. 

Ilaagen-Smit  (1052)  ha*  made  extenxive  invextigation*  on  photochemical  reaction*  which  oi’cur  during 
*mog  condition*.  Uith.thc  aid  of  the  max*  xpectrograph,  Haagen-Stnit  and  coworker*  were  able  to  ahow 
that  in  the  prexence  of  oxide*  of  nitrogen,  functioning  a*  catalysts,  in  the  presence  of  sunlight  a  multitude 
of  intermediate  organic  peroxide*  and  ozone  were  formed  through  photochemical  oxidation  of  alcohols, 
aldehydes,  ketones,  acids,  and  hydrocarbons  such  as  are  present  in  gasoline.  A  schematic  diagram  of  reac¬ 
tion*  in  polluted  air  leading  to  smog  symptoms  is  shown  in  Figure  11. 
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From  A.  J.  Haagen-Smit  ( ind .  En$.  Cham.  44,  1342  (1952)). 

Fig  11.  Schematic  prr<u>ntation  of  reaction*  :n  *hich  the  oxid^*  of  nitrogen  (NO  and  NO*)  function  aacAtalyata  iu  the  peoduc- 
tion  of  jh til ut •'*]  air  leading  to  #mog  armptoma. 
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The  photochemical  dissociation  of  nitrogen  dioxide  in  the  presence  of  sunlight  provide*  a  continuous 
source  of  atomic  oxygen,  while  the  regeneration  of  nitrogen  dioxide  by  oxidation  of  the  nitric  oxide  cause* 
the  reaction  to  be  continuous.  Blacet  (1%2)  ha*  postulated  the  following  mechanism  to  account  for  the 
formation  of  atmospheric  ozone  from  oxygen  in  the  lower  atmosphere. 

NOi  +  h»  -*  NO  +  O 

0  +  0,  -*  O, 

NO  +  0,  —  NO, 

NO,  +  0,  -  NO,  +  0, 

k  is  significant  to  note  that  the  photochemical  reactions  which  lead  to  the  formation  of  o/.one  by  the 
catalytic  action  of  nitrogen  dioxide  in  the  presence  of  sunlight  and  atmospheric  pollutants  are  those  which 
lead  to  the  formation  of  complex  intermediate  compounds  and  peroxides  which  characterize  the  odor,  eye 
irritation,  and  oxidation  properties  of  smog  effects.  The  oxides  of  nitrogen  are,  therefore,  of  immense  impor¬ 
tance  in  catalyzing  the  chain  reactions  leading  to  the  formation  of  the  detrimental  substances  during  smog 
conditions.  Even  traces  of  the  oxides  of  nitrogen  while  not  present  in  concentration*  capable  of  producing 
the  syndrome  observed  during  period*  of  intense  smog  are  able  to  catalyze  the  formation  of  the  noxious  and 
toxic  compounds  present  in  amog. 


2.  ABSTRACTS 


2.1  NITKOI  S  0\ll»K  \,i) 

BaIIH.  K\  A  vox.  "Tin-  F.lTcct  of  Pressure  on  tin*  Sfierilio  Absorption  of  Infrared  Radiation  by  Gases,”  Ann. 
Phvsik  2V.  780  «)(.  (I'XH)  . 

Tin*  author  states  that  Beer's  I.aw  (absorption  ifidt‘|M*ndi*nt  of  density)  was  found  not  to  hold  for  COj. 
Tin-  was  observed  In  Angstrom.  In  tin*  rax*  of  CO-  tin*  sjiecific  absorption  inmw*  with  density. 

In  order  to  test  this  exception  to  Beer's  I.aw  the  following  gases  were  investigated:  CO,  COj,  CjIIj, 
('till.  CS*.  N.O  and  Mli.  It  was  shown  by  Kva  Von  Bahr  that  the  absorption  of  a  gas  increases  if  the 
total  pressure  is  increased  by  introducing  a  foreign  gas  which  is  transparent  in  the  wavelength  whieh  is 
considered. 

1926 

I. K.IFSON,  siCMl  Mti  w.,  "Absorption  .Spectra  of  Some  liases  and  Vapors  in  the  Schumann  Region,”  Astrophya. 

J.  63,  73  (1V26). 

This  is  a  study  of  the  absorption  in  the  Schumann  region  of  a  number  of  gases.  They  include:  oxygen, 
nitrogen,  nitrous  oxide,  hydrogen  chloride,  ammonia,  methane,  and  water  vapor.  The  instrumentation 
consisted  of  a  vacuum  grating  sfiectrograph  with  an  absorption  cell  with  fluorite  windows  built  into  the  dis¬ 
charge  tube.  The  source  of  light  was  the  continuous  spectrum  of  hydrogen  in  the  region  XX  2000-1600  A 
and  the  secondary  spectrum  of  hydrogen  from  XX  1600  to  1250  A. 

The  results  obtained  for  oxygen,  nitrogen,  carbon  monoxide,  and  carbon  dioxide  confirmed  already 
existing  data  of  previous  investigators.  New  data  were  obtained  for  the  remaining  gases. 

In  regaril  to  NjO  it  is  stated  that  nitrous  oxide  shows  no  selective  absorption  in  the  Schumann  region. 
Two  continuous  bands  were  observed.  The  first  extended  from  X  2000  to  X  1680  A,  while  the  second  was 
from  X  1550  beyond  the  range  of  observation. 

1927 

Josm,  s.  s.,  "The  Decomposition  of  Nitrous  Oxide  in  the  Silent  Electric  Discharge,”  Trans.  Faraday  Soc. 
23,  227  (1927). 

A  detailed  description  of  the  apparatus  ami  the  preparation  of  nitrous  oxide  is  given.  The  decomposi¬ 
tion  of  nitrous  oxide  by  the  silent  electric  discharge  was  studied  in  the  pressure  range  11.0-82.0  cm  Hg 

and  6000-12,500  volts. 

The  decomposition  goes  to  completion  giving  a  mixture  of  nitrogen  and  oxygen.  The  nature  of  the 
final  products  is  independent  of  the  pressure  and  potential  employed.  Nitrogen  peroxide  occurs  as  an 
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intermediate  product  of  the  deroin|>oeitioii.  The  following  mechanism  wait  proponed  for  the  formation 
of  the  nitrogen  peroxide  (NO,). 

(a)  Two  simultaneous  reactions  (1)  followed  by  (2). 

(2N,0  — *  2NO  4-  N»  (1) 

\2S,C  -  2N,  +  O, 

2NO  -f-  O,  —  2 NO,  (2) 


(b)  Three  consecutive  reaetionn  (3),  (4)  and  (5). 

4N,0  —  4N0  +  2N, 
2NO  -*  Nj  +  Oi 
2MO  +  O,  —  2  NO 


(3) 

(4) 

(5) 


1928 


Macdoxald,  jamks  Y.,  "The  Photochemical  Decomponition  of  Nitroun  Oxide  and  Nitric  Oxide,"  J.  Cheat. 
Soc.  1-14  (1928). 

Thin  in  an  excellent  ntudy  of  the  decomponition  of  both  nitroun  and  nitric  oxiden  in  light  of  wavelength 
from  X  1860  A  to  X  1990  A.  Nitric  oxide  wan  lean  thoroughly  ntudied  than  nitroun  oxide. 

Nitroun  oxide  wan  shown  to  decompoee  according  to  the  following  general  atoichiometric  equation. 

4NjO  —  2NO  +  O,  +  3N,  (1) 

The  following  mrrhaninmn  were  suggested  for  the  decomponition  of  nitroun  oxide  according  to  equation  (1). 

NjO  +  An  — ►  N,0*  (activated)  (2) 

NtO*  +  NjO  -  (\  +  N,  +  2N  (3) 

2(N  +  NjO  -  NO  +  N,)  (4) 

The  quantum  efficiency  wan  found  to  be  3.9  ±  0.2  and  doen  not  change  appreciably  with  temperature 
between  0°C  and  40°C.  nor  with  pressure  up  to  about  one  atmosphere.  The  absorption  coefficient  increased 
1.47  dfc  0.05  times  for  a  10°C  rise  in  temperature. 

In  regard  to  nitric  oxide,  it  wan  considered  to  decompose  in  two  ways  an  follows. 

2 NO  -mN',  +  0.  (5) 

3  NO  —  NjO  +  NO,  (6) 

Reaction  (5)  constituted  about  90  per  cent  of  the  whole.  Two  possible  mechanisms  were  suggested 
for  the  decomposition.  The  author  states  that  insufficient  evidence  was  obtained  to  warrant  a  decision. 

Beer’s  absorption  law  was  shown  to  hold  strictly  for  both  nitrous  and  nitrir  oxides.  However,  nitrous 
oxide  absorbs  light  several  times  more  strongly  than  nitric  oxide. 

Ten  literature  references  are  given  to  previous  studies  by  other  investigators. 


1929 

JOSHI,  s.  S.,  "The  Decomposition  of  Nitrous  Oxide  in  the  Silent  Discharge.  Part  IV.  Influence  of  the 
Addition  of  Foreign  Gases.”  Trans.  Faraday  Sor.  25,  137  (1929) 

The  effect  of  the  addition  of  nitrogen  and  oxygen  on  the  ratio  N,  O,  was  studied.  An  admixture  of 
oxygen  has  a  marked  effect  in  increasing  the  ratio  of  nitrogen  to  oxygen  in  the  final  mixture. 


PLYLER,  E.  and  Bareer,  f  "The  Infrared  Spectrum  and  the  Molecular  Configuration  of  N,0,”  Phys. 
Rev.  38,  1827  (1931) 

The  observations  reported  in  thi*  paper  were  upon  the  fundamental  bands  at  1T.0  m,  7.78  m  and  1.50  m- 

Rotational  analysis  is  gittn  for  the  bands  at  17.0  m,  7.78  m  and  8.6  m  which  were  resolved  under  high 
dispersion.  „ . _  . . . . 


DLTTA,  ARLM  K.,  "The  Absorp  lion  Spectrum  of  Nitrous  Oxide  and  the  Heat  of  Dissociation  of  Nitrogen,” 
Proc.  Roy.  Soc.  (London),  A  138,  84  (1932). 

_ A  brief  summary  of  previous  investigations  on  the  absorption  spectrum  of  N,0  is  given.  Leifson 

( Astrophvs .  J„  63,  73  (1926))  was  the  first  to  study  the  absorption  spectrum  of  NjO.  Reference  is  also 
made  to  Vi  ulf  and  Melvin  (Phys.  Rev.  39,  180  (1032))  who  observed  that  radiation  of  X  2300  A  wavelength 
photorhemirally  dissociated  N  O  into  NO  and  N,  and  also  observed  that  NjO  had  no  hand  spectrum. 


The  author  in  the  present  investigation  observed  the  absorption  spectrum  of  NiO  in  the  quartz  region 
with  a  small  quartz  spectrograph.  The  light  source  was  a  hydrogen  discharge  tube  with  aluminum  elec- 
trodes  mn  on  a  2-kilowatt  transformer.  No  band  absorption  was  observed  for  NjO.  Continuous  absorption 
was  obtained  beginning  at  X  27pO  A  corresponding  to  104.0  kcai. 

VOLMER,  M.,  and  FROEHLICH,  H.,  "Thermal  Dccom position  of  Nitrous  Oxide,”  Z.  physik.  Chem.  B  19,  85-88 
(1932). 

This  is  a  continuation  of  the  authors*  work  reported  in  Z.  physik.  Chem.  B  10,  414-118  (1930).  The 
temperature  range  was  625o-680°C,  and  the  pressure  between  2  and  300  mm  Ilg. 

VOLMER,  M„  and  FROEHLICH,  h:,  "Thermal  Decomposition  of  Nitrous  Oxide.  Effect  of  Helium,  Argon  and 
Oxygen,”  Z.  physik.  (Ji-m.  B  19,  89-96  (1932). 

This  is  a  continuation  of  the  work  of  Volmer  ir.  which  the  unimolecular  character  of  the  thermal  dissocia¬ 
tion  of  nitrous  oxide  was  confirmed.  The  temperature  range  of  the  present  study  was  between  625°C  and 
670°C,  and  the  initial  pressures  of  N,0  were  about  1-50  mm  Hg.  The  probabilities  of  activation  per 
collision  are  given. 

wtLF,  Oliver  R.,  and  Melvin,  ECCENE  H.,  "The  Dissociation  of  NV)  by  Light,  and  the  Electronic  Levels 
of  0„  NjO  and  NO,,”  Phys.  Rev.  39,  180  (1932). 

This  is  an  abstract  of  a  paper  read  by  the  authors  at  the  173d  regular  meeting  of  the  American  Physical 
Society,  University  of  Chicago  27-28  November  1931.  It  is  stated  that  nitrous  oxide  in  long  paths  hes 
shown  no  absorption  over  the  spectral  region  XX  10,500-2000  A. 

The  authors  report  that  absorption  of  radiation  at  X  2300  A  was  observed.  The  absorption  of  this 
radiation  led  to  the  appearance  of  the  7-band*  of  NO.  This  was  taken  as  evidence  that  absorption  of  this 
radiation  led  to  dissociation  of  N,0  as  follows. 

N,0  —  NO  +  N 
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mi 

HENRY,  Louts,  "Absorption  Spectrum  of  Nitrous  Oxide  and  Energy  of  Dissociation  of  Nitrogen,”  Nature 
134,  498  (1934). 

The  author  states  that  owing  to  the  importance  of  the  determination  of  nitrogen  it  seem*  of  interest 
to  report  the  dissociation  energy  of  6.9  zfc  0.2  volte  obtained  by  the  study  of  the  absorption  sjiertrutn  of  NjO. 

The  mechanism  of  the  photochemical  reaction  is  as  follows. 

N,0  ('2)  =  NO  (!n)  +  N  (:D)  -  132,000  cal. 

The  photochemical  decoin  |tosit  ion  was  studied  by  the  radiations  of  a  powerful  cadmium  apark  filtered 
through  layers  of  different  concentrations  of  acetic  acid. 

HETTNER,  c.,  POHLMANN,  R.,  ami  SCHUMACHER,.  R.  j.,  "Die  Struktur  des  Ozon-Molekuls  lin’d  seine  Banden 
im  Ultrarot"  ("The  Structure  of  the  Ozone  Molecule  and  its  Bands  in  the  Infrared”),  Z.  Phys.  91, 
372  (1934). 

The  7.6  m  band  which  previously  had  been  attributed  to  ozone.  Oj,  was  shown  to  be  due  to  NjO* 

HUNTER,  E.,  "The  Thermal  Decomposition  of  Nitrous  Oxide  at  Pressures  up  to  40  Atmospheres,”  Proc.  Roy'. 

Soc.  (London)  A  141,  386  (1931). 

In  this  study  it  was  shown  that  nitrous  oxide  up  to  pressures  of  40  atmospheres  and  at  temperatures 
up  to  900°  C  thermally  decomposes  according  to  the  following  equations. 

NjO  —  N,  +  O  (1) 

0  +  0—0,  (2) 

O  +  N,0  —  N,  +  O,  (3) 

The  measured  pressure  increase  will  correspond  to  the  stoichiometric  equation. 

2N.O-2N, +  0,  (4) 

SEN  GUPTA,  P.  K.,  "Fluorescent  Radiation  from  NjO,”  Proc.  Roy.  Soc.  (London)  A  146,  824  (1934). 

The  author  states  that  experimental  data  so  far  collected  indicate  that  under  the  action  of  light  quanta 
of  suitable  wavelength,  N,0  dissociates  into  a  normal  NO  and  N  which  may  lie  in  different  excited  metastahle 
states. 

N,0  +  Ac,  —  NO  +  N(4S)  (1) 

N,0  +  Ac,  —  NO  +  N(:D)  (2) 

N’,0  +  Ac,  -  NO  +  N(:P)  (3) 

The  energies  corresponding  to  Arj,  Ac,,  and  As,  are  given  for  absorption  beginning  at  wavelengths 

A  2  <30  A.  A  1830,  and  A  1380  A.  respectively.  So  far  no  evidence  of  the  production  of  an  excited  N< )  molecule 
as  a  result  of  light  absorption  has  been  obtained,  according  to  the  reaction, 

N,0  +  As,  —  NO*  +  N'(‘Si  (4) 

An  explanation  is  given  to  show  why  absorption  corresponding  to  mechanism  (1)  is  not  obtained.  The 
calculated  value  for  Ac,  is  22.3.4  kcal  corresjtonding  to  the  wavelength  A  1290  A  which  would  lie  almost  at 
the  limit  of  the  fluorite  spectrograph. 
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Ei|Minirnlal  details  art-  given  for  obtaining  evidence  for  the  following  photochemical  mechanism. 

Nil)  +  X  1290  —  N(  )*('•' II6 1  +  N(*S)  (3) 

M)*('II»)  —  M)(:llj  (6) 

SK>  Gt  PTA,  P.  K..  "The  Absorption  Spectrum  of  N;0  in  the  Schumann  Region,”  Hull.  A  end.  Sri..  United 
Province  A  urn  Oiulh.  Inilia  A,  1  *>  7  ( 10.3  4). 

The  spectral  region  studied  was  from  1  330  A  to  2200  A.  The  instrumentation  was  a  lluorite  (wism 

spectrograph  with  a  In  ilrogen  tube  as  light  source.  The  gas  was  contained  in  a  cell  of  10  centimeters  length 

with  lluorite  windows.  The  pressure  range  was  from  0.5  to  20  cm  llg. 

NjO  was  found  to  absorb  light  at  a  wavelength  of  X  I850  A.  to  transmit  at  about  X  1700  A,  and  again 
to  absorb  light  at  X  1580  A.  The  absorption  was  considered  to  lie  due  to  the  photochemical  decomposition 
of  N«<>  according  to  the  following  reaction  mechanism.  _  _  _ . . . 

N*«>  +  Ap,*,  -  NO  +  \(*D)  (U 

Ns<)  +  /m1M0  —  NO  +  N(*P)  (2) 

SEN  01  PTA.  P.  k..  "Absorption  Sjiectra  of  Molecules,"  Z.  phvsik  88,  647-660  (1934). 

From  a  study  of  the  shape  of  the  Fra  nek -Com  Ion  curves  the  continuous  absorption  of  Nj(.)  shows  regions 
of  absorption  separated  by  regions  of  transmission.  Absorption  occurs  in  the  regions  of  the  following  wave¬ 
lengths:  X  2730  A.  X  1850  A.  and  X  1580  \.  The  mechanisms  for  dissociation  are  the  same  as  given  in  former 
papers  by  the  author. 

VOI.MKH,  M..  AM)  bhiskk,  H.,  "The  Deeom  jxisition  of  Nitrous  Oxide.”  Z.  phyxik.  ('.hem.  B  25,  81-89  (1934). 

This  is  an  extension  of  Volnier's  former  work  on  the  thermal  decomposition  of  nitrous  oxide.  In  this 
theoretical  discussion  the  effects  of  the  decomposition  products  on  the  course  of  the  reaction  are  taken  into 
consideration. 


1935 


Energy  of  Nitrogen,” 


HKMtY,  1,01'IS,  “Photochemical  Decomposition  of  Nitrous  Oxide  anil  Dissociatif  n 
Ompt.  rt'ntl.  2(H),  6.56  (1935). 

It  was  found  that  absorption  begins  at  a  higher  wavelength  as  the  temperat! ire  increases.  At  20°C 
absorption  begins  at  X  22  46  A,  while  at  675°C  it  begins  at  X  2604  A.  I  i 

By  plotting  wavelength  against  temperature  and  extrapolating  to  zero  degree  Kelvin  the  minimum 
energy  reipiiredto  activate  NVO  was  round  to  be  132  keal. 

Assuming  that  the  dissociation  of  N,f)  is  according  to  the  following  mechanism, 

N-O  (:2>  +  132  krai  NO  (-11)  +  N*  (!D) 
the  dissociation  energy  of  nitrogen,  Dv„  was  calculated  to  be  1.58  krai. 

SEN  GI'PTA,  P.  K.,  "Photodissoriation  of  Nitrous  Oxide.”  Suture  136.  513  (193.5). 

A  brief  summary  i«  given  of  previous  work  by  Wulf  and  Melvin  (  Plivs.  Hit.  39,  180  (1932),  Dutta  ( Proc . 
Hoy.  Sor.  (London)  A  138,  84  1  1932)),  and  the  present  author.  Sen  (iupta  {Hull.  Acad.  Sri.  U.  P ■  3,  197 
(1934)).  The  results  show  the  absorption  of  light  by  N»<)  to  take  place  according  to  the  following  mechanisms. 
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NjO  +  Arlno  -  NO  (>nBormAl)  +  N(‘S) 

(1) 

NjO  +  hrlU0  -  NO  (!nnorm^)  +  N(!D) 

(2) 

NjO  +  hvlM  -  NO  (:naormil)  +  N(JP) 

(3) 

Reference  in  made  to  the  remeasurement  of  the  absorption  spectrum  of  nitrous  oxide  at  different  tempera¬ 
tures  by  Henry  ( Xature  134,  498  (1934))  who  assumed  the  following  process  for  dissociation  of  N»0. 

. . -  - . -  NjO  OS)  +  hvUK  -*  NO  (!n)  +  N  (*D)  (4) 

This  photochemical  mechanism  explained  both  the  diamagnetism  of  NjO  (giving  a  '2  state,  and  also  a  value 
of  6.9  ±0.2  volts  for  the  heat  of  dissociation  of  Nj).  The  present  (1935)  accepted  value  D#,  is  7.34  volts 
given  by  Herzberg  and  Sponer. 

Sen  Gupta  gives  reasons  for  doubting  the  photochemical  dissociation  mechanism  of  Henry  in  the  quartz 
region.  Sen  Gupta  found  that  when  NjO  is  irradiated  by  light  having  the  short-wave  limit  at  X  1200  A, 
the  /3-bands  of  NO  comes  out  in  fluorescence.  The  /3 -bands  were  accounted  for  as  follows. 

By  absorption: 

N,0  +  A»  -  NO  (>nMnMl)  +  Nomui  (5) 

NiO.+  h,  — »  NO  (Jn,,cjtad)  +  N  normal  (6) 

By  fluorescence: 

NO  (*Heteited)  NO  (‘II**™,)  (7) 

The  excitation  energy  of  the  0-bands  is  128.8  kcal,  so  that  Av*  —  hv1  —  128.8  kcal.  If  by  Henry’s 

explanation.  hv]  corresponds  to  2140  A,  A>>i  would  have  a  value  of  262.4  Itcal  corresponding  nearly  to  X  1090  A. 

As  a  result  light  of  wavelength  greater  than  X  1090  should  not  be  able  to  excite  the  /3-bands.  Excitation  can 
be  produced  by  X  1200  A.  If  hr  =  X  2750  A,  then  Avi  =  X  1250  A. 

1936 

DUNCAN,  a.  B.  F.,  "The  Far  Ultraviolet  Absorption  Spectrum  of  NtO,”  J.  Chem.  Phys.  4,  638  (1936). 

In  the  research  work  reported  in  this  paper  the  author  states  that  the  absorption  spectrum  of  NjO 
was  reinvestigated  from  2200  A  down  to  850  A,  the  limit  of  observation.  No  bands  were  found  below  997  A. 

The  spectra  were  photographed  with  a  120,000-line,  1 -meter  focus,  glass  grating  used  at  normal  inci¬ 
dence.  The  light  source  was  the  Lyman  continuum  with  hydrogen  as  the  conducting  gas.  In  a  few  cases 
purified  helium  was  used.  The  pressure  of  the  NjO  was  varied  from  0.001  to  0.53  mm  Hg.  The  spectro¬ 
graph  served  as  the  absorbing  column.  Evidence  from  a  Rydberg  series  indicated  that  the  photoionization 
of  NjO  is  12.66  ev. 


1937 

NOTES,  w.  albert,  JR.,  "Photochemical  Studies.  XXV.  The  Direct  Photochemical  Decomposition  of 
Nitrous  Oxide,”  J.  Chem.  Phys.  5,  807-812  (1937). 

In  this  report  the  author  has  described  his  studies  on  the  decomposition  of  r’trous  oxide.  An  aluminum 
spark  in  air  was  used  as  light  source.  The  wavelength  was  greater  than  1850  A  corresponding  to  about 
6.7  ev.,  however  the  absorption  extended  to  about  2300  A,  equivalent  to  about  5.4  ev.  The  experimental 
details  are  described. 
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The  number  of  modules  of  gas  (uncondensed  by  the  liquid  air  employed  in  the  experiments)  formed 
per  quantum  absorbed  by  N,0  was  determined.  The  study  was  made  both  with  the  presence  and  absence 
of  mercury  vapor.  The  primary  dissociation  processes  and  subsequent  reactions  are  given  in  part  by  the 


following  mechanism. 

NjO  +  hv  —  N,  +  O  (I) 

O+O-O,  (2) 

N,0  +  h,  —  NO  +  N  (3) 

N  +  N,0  —  NO  +  N,  (4) 

N,0  +  0  —  2N0  (5) 


Additional  reaction  mechanisms  are  given,  and  speculations  of  the  electronic  states. 

1938 

aoel,  Arthur,  and  lampland,  C.  O.,  "A  New  Band  in  the  Absorption  Spectrum  of  the  Earth’s  Atmosphere,” 
Astrophys.  J.  87,  198  (1938). 

The  major  absorption  bands  in  the  spectrum  of  the  earth's  atmosphere  are  due  to  water  vapor,  carbon 
dioxide  and  ozone  constituents.  The  following  table  is  the  interpretation  of  the  far-infrared  telluric  spectrum. 


Band  (/n) 

Absorbing  Molecule* 

Band  Designation 

14.97 

CO, 

•* 

14.1 

o, 

— 

9.6 

o. 

— 

7.6 

N,0, 

— 

6.3 

H-.O 

4.7 

0, 

— 

4.3 

CO, 

n 

32  . 

H.O 
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The  band  at  7.6  n  in  the  spectrum  of  the  atmosphere  is  announced  in  the  present  paper.  This  band  can 
not  be  traced  to  the  spectra  of  water  vapor,  carbon  dioxide  or  ozone.  The  spectrum  of  pure  ozone  in  quan¬ 
tities  in  excess  of  the  amount  in  the  ozonosphere  does  not  give  this  band.  Since  the  energy  level  diagram  of 
the  CO,  is  well  known  there  is  no  transition  at  7.6  m-  The  energy  level  diagram  of  water  vapor  similar  to 
that  of  carbon  dioxide  does  not  provide  a  suitable  transition. 

The  new  band  at  7.6  m  is  attributed  to  a  hitherto  unrecognized  atmospheric  constituent.  The  molecule 
N:0i  is  found  as  a  common  impurity  of  ozone.  The  infrared  spectrum  of  ozone  nearly  always  shows  a 
strong  band  at  7.6  m  which  was  considered  to  be  a  member  of  the  ozone  spectrum.  In  order  to  account  for 
the  minute  traces  of  N,0,  in  the  ozonosphere  the  following  reactions  are  suggested  and  considered  to  be 
reasonably  expected. 

N,  +  0,  —  2N0  ■  (1) 

This  reaction  is  know-u  to  occur  by  the  action  of  electrical  discharges  or  ultraviolet  radiation  upon  mixtures 
of  nitrogen  and  oxygen. 

In  the  presence  of  oxygen  the  following  reaction  results. 

2N0  +  0,  —  2N0, 


(2) 


In  the  presence  of  ozone  nitrogen  dioxide  yields  nitrogen  pentoxide. 

2N0*  +  O,  -  NjO»  +  O, 


(3) 

By  comparing  the  intensity  of  absorption  at  7.6  m  in  the  solar  prismatic  spectrum  with  the  intensity  of 
absorption  from  results  obtained  by  Hettner,  Pohlmann  and  Schumacher  (Z.  Phys.  91*  372  (1934)),  the 
authors  estimate  there  is  one  molecule  of  NiO*  for  every  hundred  molecules  of  Oj  present  in  the  ozonosphere. 

Small  quantities  of  the  following  oxides  of  nitrogen,  NO,  NjO,  NO*  and  N’jO,,  are  to  be  expected  in  the 
upper  atmosphere  as  a  result  of  the  photochemistry  of  nitrogen-oxygen  mixtures.  However,  none  of  these 
have  absorption  bands  at  7.6  a  which  favors  the  argument  that  the  new  band  at  7.6  n  is  due  to  atmos¬ 
pheric  NjOj. 

ADEL,  ARTHUR,  "Further  Detail  in  the  Rock  Salt  Prismatic  Solar  Spectrum,"  Astrophy s.  J.  88,  186  (1938). 

In  the  spectral  region  from  7.2  n  to  8.S  ft  with  increased  resolving  power  additional  detail  in  the  rock- 
salt  prismatic  solar  spectrum  was  disclosed  in  the  vicinity  of  the  diverging  wall  of  the  great  water  band  i*. 

It  is  pointed  out  that  these  new  bands  may  indicate  the  existence  of  additional  oxides  of  nitrogen  in 
the  atmosphere.  The  NjO  molecule  has  two  doublet  bands  with  centers  at  7.77  and  8.5  u,  the  7.77  being 
.more  than  twice  as  intense.  Tbe  latter  observation  was  made  by  Plyler  and  Barker  ( Phys .  Rev.  38,  1827 
(1931)). 

The  author  suggests  that  the  R  branch  of  the  N*0  band  at  7.77  m  and  the  N*0*  band  at  7.6  y.  combine 
to  form  the  telluric  absorption  with  the  center  at  7.63  ft. 

duffieux,  p.  michel,  "Oxid**s  of  Nitrogen  in  the  Atmosphere,"  Bull.  Soc.  Sci.,  Bretagne  15,  228  (1938). 

Tbe  author  states  that  tbe  lack  of  spectroscopic  indications  of  the  oxides  of  nitrogen  in  the  upper 
atmosphere  is  not  conclusive  evidence  of  their  absence. 

HENRIQCES,  F.  C.,  Dl'SCAN,  a.  B.  F.,  AMD  moyes,  w.  albert,  JR.,  "Photochemical  Studies.  XXVII.  The 
Effect  of  Radiation  on  Mixtures  of  Nitrogen  Dioxide  and  Nitrous  Oxide  and  its  Relationship  to  the 
■Photochemical  Decomposition  of  Nitrous  Oxide,”  J.  Chem.  Phys.  6,  518-522  (1938). 

In  this  report  upon  the  photochemical  decomposition  of  nitrous  oxide  the  authors  conclude  that  two 
primary  processes  are  necessary  to  explain  the  direct  photochemical  decomposition  of  NiO. 

N,0  -Mr  —  Ni  +  0  (1) 

NjO  +  he  -  NO  +  N  .  (2) 

Reaction  (2)  must  be  followed  by  reaction  (3). 

N  +  NjO  —  NO  +  N,  (3) 

Tbe  latter  reaction  (3)  is  necessary  to  explain  previously  determined  quantum  yields.  The  authors  state 
that  the  energy  of  activation  of  reaction  (3)  is  probably  less  than  10,000  cal.  , 

The  experimental  method  employed  in  the  investigation  is  described  in  detail.  Two  light  sources  and 
reaction  vessels  were  used  in  order  to  determine  possible  separate  effects  due  to  *P  and  ‘D  oxygen  atoms. 
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The  light  sources  Here  (a)  a  Genera!  Electric  type  II  3  mercury  lamp,  and  (b)  a  cadmium  spark  operated 
at  2  kva,  23, 0(H)  volts  from  which  radiation  between  2130  A  and  2330  A  was  isolated  by  filters. 

There  is  a  comprehensive  discussion  of  the  results  obtained.  Nine  literature  references  are  included 
of  previous  investigations  by  other  workers. 
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ADEL,  ARTHUR,  ''Atmospheric  Absorption  of  Infrared  Solar  Radiation  at  the  Lowell  Observatory,*'  Aatrophys. 

J.  89,  1  (1939). 

This  is  the  first  of  a  series  of  papers  by  Adel  describing  the  degree  of  absorption  by  the  earth's  atmos¬ 
phere  of  infrared  radiations.  In  this  paper  the  continuous  absorption  due  to  the  pure  rotation  spectrum 
of  the  W'ater-vapor  molecule  is  considered.  No  data  on  the  absorption  spectrum  of  the  oxides  of  nitrogen  are 
included. 

ADEL,  ARTHUR,  "Note  on  the  Atmospheric  Oxides  of  Nitrogen,”  Astmphys.  J.  90,  627  (1939). 

Attention  is  called  to  Figure  1  in  the  paper  which  appears  to  indicate  that  the  recently  discovered 
atmospheric  hand  associated  with  the  long  wavelength  of  water  vapor  is  produced  by  joint  absorption 
of  nitrous  oxide  (N-O)  and  nitrogen  pentoxide  (NjOi). 

Two  curves  are  shown  in  Figure  1.  One  was  obtained  from  a  relatively  dry  atmosphere  with  the  sun  as 
source  and  the  atmosphere  as  the  absorbing  medium.  The  other  curve  was  produced  by  radiation  from  a 
Nernst  glower,  passing  a  layer  of  1  cm  of  nitrous  oxide  at  atmospheric  pressure  combined  with  the  short  air 
path  in  the  spectrometer. 

The  7.77  m  hand  of  nitrous  oxide  appeared  to  match  the  atmospherir  band.  There  is  also  a  shallow 
nitrous  oxide  band  at  8.7  ti  matrhed  by  a  weak  atmospheric  band.  The  short  wavelength  trough  of  the 
atmospherir  hand  at  7.77  >i  somewhat  displaced  and  broadened  as  compared  with  nitrous  oxide  absorption 
at  7.77  n .  This  suggested  possible  absorption  by  nitrogen  pentoxide  at  7.6  p. 

The  observations  reported  in  the  paper  of  the  7.77  n  and  8.57  n  bands  indicate  that  there  is  an  NjO 
layer  comparable  to  the  ozone  layer  in  the  upper  atmosphere  whirh  may  be  ecpiivalent  to  several  millimeters 
at  atmospheric  pressure  in  extent. 


1940 

ADEL.  ARTHUR,  and  LAMPLAND.  C.  C.,  "Atmospheric  Absorption  of  Infrared  Solar  Radiation  at  the  Lowell 
Observatory.  II.  The  Spectral  Interval:  5. 8-8.0  jr,”  Astrophys.  J.  91,  1  (1940). 

This  is  the  second  of  a  series  of  papers  of  the  absorption  spectrum  of  the  earth’s  atmosphere.  The 
spectral  region  considered  is  from  5.5  it  to  8.0  n. 

The  principal  features  of  this  spectral  range  are  (1)  the  great  water-vapor  band  which  possesses  a  long 
base  of  zero  transmission,  and  (2)  the  absorption  bands  due  to  the  oxides  of  nitrogen,  possibly  nitrous  oxide 
(NjO)  and  nitrogen  pentoxide  (NjOs).  This  band  of  oxides  of  nitrogen  is  contained  in  the  long-wavelength 
or  diverging  wall  of  the  water-vapor  band. 

Six  graphs  of  solar  intensity  as  a  function  of  wavelength  are  shown.  They  are  arranged  to  indicate  the 
progressive  change  corresponding  to  diminishing  water-vapor  content  of  the  atmosphere  within  the  spectral 
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range  5.5  «  to  3.9  m.  Tin*  region  from  8.0  n  to  1 1.0  „  ix  al~i  included  which  ix  to  Iw  discu-'ed  in  succeeding 
pa|*cr«  of  tin'  present  series. 

4|>H.  4  Ml  It  l  H,  AM*  t  IMP!  I'll.  *»..  " Vtmo-phrrir  Wi-orplmn  of  Infrared  Solar  Kadiation  at  tin*  Ion  ill 
t  lh»rr\  atorj .  Ill  and  l\.  Tin*  Sjs-rtral  Interval-:  8.0  11.0/i  ami  II. 0  1 1.0  l%iruphv»,  J.  91,  481 
(19 1*1). 

Hu-  |ia|M-r  contain*  tin*  •  I* >rt  of  the  degree  of  absorption  of  infrared  radiations  ax  a  con*eipienre 
of  the  absorption  spectrum  nf  thr  rarth'-  atmo-phcre.  A  brief  xiiiniiiary  of  the  x**ri«*x  of  pa|«erx  ix  given.  In 
tin'  lir-t  pa|*er  designated  a*  Part  I.  thr  continuous  ah-or|iti<m  x|*rrtritni  of  the  atmox|ihrrr  ix  considered. 
Ilii.  i.  pi* mini  mainly  by  water  vaj**r. 

The  .r rom I  pa|ier.  Part  II.  ix  ronrrrnril  with  thr  x|Mi-tral  region  5.5  8.0a-  Thr  absorption  in  thix 
.[irrtral  range  ix  ihir  to  watrr  *a|n»r  ami  thr  oxnlr-  of  nitrogen.  In  thr  pre-ent  pajier.  thr  thinl  of  thr  xrrirx, 

thr  xjx-rtral  region*  III  ami  IV  arr  ilrtinnl.  _  - . . -  - . — .  . 

Thr  regiim  from  8.0  a  to  1 1.0  a  ix  designated  ax  region  111.  The  tranxmixxinn  in  thix  spectral  ran ge  is 
determined  hv  watrr  va|tor  ami  oimir.  * 

In  region  IV  from  1 1.0  a  to  1 1.0  a  thr  tranxmix.ion  ix  ilur  to  watrr  vapor  anil  carbon  diovide. 

MCOUK.  jAryt  K.x,  am*  votiAlt  KOMI*,  "l  ltraviolrt  Absorption  Sprrtrum  of  Nitrons  Oxide  at  +  20°C  anil 
—  90°C.  (Unapt,  rend.  210.  142  (1910). 

Thr  anthorx  report  thrir  investigation  of  thr  tillraviolrt  ahxorption  «*f  NjO  at  two  iJifTrrent  tem|*eraturr* 
+  20°(]  anil  —  90CC.  Thr  prrxxnrr.  wrrr  from  8*1  to  700  mm  llg  ami  thr  rnhimn  thirbnexx  70-574  cm. 
’I'lir  almirption  wax  inde|iemlrnt  of  prrxxnrr,  anil  wax  Icxx  at  —  >H)°C  than  at  -f  20°C. 

At  —  'HPC  thr  origin  of  thr  ah-orption  wa»  at  X  2.150  A.  Thr  investigation  imiiratril  that  the  absorp¬ 
tion  region  xtuiliril  wax  onl*  mir  of  thr  hratn  hr  ,-r|x>rtnl  by  Duncan  (1916),  thr  baml  with  a  erntrr  at 
approximately  X  PKKI  \.  Keference  i.  alxo  inailr  to  thr  result,  of  Plyler  anil  Barber  (1951). 

SPOM'R.  It.,  AM*  HOXMK.  L.  "Note  on  thr  Continuous  Absorption  of  NjO,”  J.  ('.hem.  Phvs.  8,  33  (1940). 

ii»  paj*er  referrm-e  ix  inailr  to  thr  previous  investigations  of  ultraviolet  absorp- 
re  inelmleil  of  this  previous  worb.  Tl*r  authors  discus*  thr  result*  of  their 
on  of  NjO  in  thr  ’ong  wavrlength  of  the  near  ultraviolet.  Various  dissociation 
«nir  states  for  dissociation  processes  of  Nt(  >  are  listril  in  Table  I  of  thr  pa|*er, 

li-xx'ixtion  JVinsin  and  I*<  »*»j  M.  Klt«rtrt>Tii**  Stair*  of  N,f) 

_ _ _ _  _  _ _  Knergy  Rxi|umtiJ.  Volts 

+  O  P  —  >n  1.71 


n 

N,'S  +  0‘l>  —  '2.  'n,  u 

3.68 

3. 

NOW  +  ,N*S  e-  *11 

3.77 

4. 

Npi  +  O'S  «-  >r 

5.90 

5. 

NO'II  j  .VI  >  -  2'  '2.  2'  ‘H. 

6.15 

6. 

>o*ii  +  >*p  —  21  * 2. 1  >ii, 1 

’.1 

7.13 

7. 

NY  2  +  O’P  ~  *■  >1.'  II 

7.81 

8. 

>,  ii  v  or  -  2>  >r,  '•  ’ll. 1 

>1 

9.0 

9. 

N(l*2  -V  .VS  «-  Je 

9.2 

10. 

>0*1*  +  VS  1-  >11 

9.4 

II. 

>o*s  t  VI  >  *-  >•  *;.  *•  >it,  *•  ’i 

11.6 

12. 

NO’II*  +•  N*l)  *-  2*  ’2,  21  ’ll. 

■  >J 

11.8 

In  thr  intriMlurtion  of  tl 
.  ti**n.  Tliirtrrn  references  ;i 
ex|»eriment*  on  thr  di-socUti 
produi  ts  and  jx<--ible  clcclrv 
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1941 

ADM.,  AKTHl  H.  "The  Crating  Infrared  Sdar  Spectrum.  II.  Rotational  Structure  of  the  Nitrous  Oxide 
(NM)i  Hand  iiat  7.78  m-  Antruphys.  J,  93,  509  (1941). 

The  identification  and  existence  of  an  atmospheric  layer  of  nitroua  oxide  wan  established  by  Adel  in 
1939.  This  was  accomplished  by  comparing  the  solar  prismatic  spectrum  with  the  prismatic  apectnim 
of  nitrous  oxide. 

In  this  note  the  grating  solar  spectrum  is  compared  with  the  grating  spectrum  of  nitrousoxide.  Figure  3 
in  the  papier  shows  the  negative  branch  of  v(  t.W>>  as  obtained  by  approximately  1  cm  (NNO)  at  N'.T.P. 
Figure  2  in  the  pa[>cr  shows  the  grating  solar  spectrum. 

The  comparison  of  the  two  grating  spectra  identifies  atmospheric  nitrous  oxide.  The  rotational  struc¬ 
ture  of  r,  (NNO'  mav  he  observed  in  the  complex  background  of  the  solar  spectrum  due  to  other  com-' 
ponents  of  the  atmosphere.1 

ADM.,  akthi  H,  "The  (.rating  Infrared  Solar  Spectrum  VI.  The  Map  from  14  a  to  7  p.  Astrophys.  J.  94, 

451  (1941). 

Smie  400  absorption  lines  are  shown  in  the  map.  An  extensive  table  of  wavelengths  and  frequencies 
are  included  for  the  spectral  range  14  m  to  7  m- 

The  long  wavelength  slope  of  the  great  water  band  including  the  rotational  lines  of  Si  of  NjO  is  contained 
in  Figures  30-36.  In  all  36  figures  are  included. 

ADKI..  AKTHl  H.  "Fquivalent  Thickness  of  the  Atmospheric  Nitrous  Oxide  Layer,”  Phy Wit.  59,  944  (1941). 

In  a  pajier  read  at  the  Washington  Meeting  of  the  American  Physical  Society  1-3  May  1941,  the 
author  slates  that  atmospheric  nitrous  oxide  is  presumably  at  a  high  level,  and  that  it  has  a  photochemical 
origin. 

Its  infrared  absorption  hands  ap|>ear  to  remain  of  nearly  uniform  strength  throughout  the  seasons. 
The  fine  structure  of  the  vi  band  of  atmospheric  nitrous  oxide  at  7.78  m  was  studied  by  employing  a  2400-line 
echelette  grating. 

By  comparing  the  atmospheric  absorption  with  controlled  experiments  on  the  absorption  of  nitrous 
oxide  in  the  laboratory  3  mm  of  the  gas  (NTP)  has  the  same  absorption  in  kj  as  the  atmospheric  layer. 

.Since  the  infrared  absorption  of  nitrous  oxide  is  pressure  sensitive  this  value  is  a  lower  limit.  At  the 
reduced  pressures  in  the  upper  atmosphere  far  more  gas  would  be  required  to  yield  the  same  effect. 


1942 

KKI.I.M-  R.  l.oTTt:,  "The  Infrared  Absorption  of  Atmospheric  Gases,”  Quart,  J.  Hoy.  Sleteorol.  Soc.  68,  204 

(19  42). 

Diatomic  molecules  which  possess  no  permanent  dipole  moment  do  not  absorb  infrared  light.  Thus 
oxygen,  nitrogen  and  hydrogen  are  transparent  in  the  infrared.  Triatomic  and  polyatomic  molecules  such 
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•*  H«0,  COj,  and  the  various  oxide*  of  nitrogen  show  strong  absorption  bands  in  the  spectral  region  from 
1  M  to  18  M- 

The  oxides  of  nitrogen,  NA  NO  and  NO,,  show  great  intensity  of  absorption  as  compared  with  11,0. 
^•ven  •wall  traces  of  CO,,  Oj,  and  NjO  in  particular  affect  the  absorption  spectrum  of  the  atmosphere. 

Sutherland,  c.  B.  B.  M.,  Detection  of  Small  Traces  of  Non-Rare  Cases  in  the  Atmosphere  by  Infrared 

Spectra,”  Quart.  J.  Roy.  Meteorol.  Soc.  68,  213  (1942). 

This  paper  contains  the  conclusions  from  the  survey  of  the  data  on  the  absorption  of  infrared  radiation 
by  gases  in  the  atmosphere,  other  than  water  vapor.  The  absorption  spectrum  of  the  atmosphere  exhibits 
25  bands  between  0.7  u  and  14.0  n.  Most  of  these  are  satisfactorily  accounted  for  by  the  presence  of  11,0, 
COj  and  Oj.  The  author  states  that  the  quantitative  aspect  of  these  absorptions  are  only  partially  under* 
stood  because  accurate  laboratory  measurements  of  the  requisite  absorption  coefficients  are  larking. 

With  reference  to  N,0  there  is  good  evidence  that  nitrous  oxide  is  responsible  for  the  absorption  super¬ 
imposed  on  the  water  vapor  absorption  between  7  m  and  8  ft.  Sutherland  states  that  Adel’s  suggestion  that 
at  least  part  of  this  absorption  was  due  to  NjO,  is  not  substantiated  by  Adel’s  more  recent  work. 

The  possibility  of  the  existence  of  the  following  gases  and  their  detection  through  their  infrared  absorp¬ 
tions  were  considered:  CI14,  C,H„  C»H«,  C,H»,  CH,0,  H,S,  NO,,  N,0„  HCN,  C,N»,  Nil,. 

From  laboratory  data  on  the  absorption  coefficients,  there  is  indication  that  the  amounts  of  the  order 
of  one  centimeter  atmosphere  of  most  gases  could  be  present  and  would  have  escaped  detection  in  the 
infrared  because  of  lack  of  resolving  power  employed  between  2  u  and  7  n,  and  partly  because  the  key 
absorption  bands  are  overlaid  by  intensely  strong  bands  of  11,0  and  CO,. 

wildt.  RUPERT,  "The  Geochemistry  of  the  Atmosphere  and  the  Constitution  of  the  Terrestrial  Planets,” 

Rev.  Mod.  Phys.  14,  151  (1942). 

This  paper  is  a  discussion  of  the  geochemistry  of  the  following  terrestrial  planets:  Venus,  Mars,  Mercury, 
and  the  Moon.  Since  the  atmosphere  of  the  earth,  due  to  absorption  by  0,.  is  opaque  to  radiation  shorter 
than  about  2900  A,  the  characteristic  absorption  spectra  of  nitrogen  and  the  noble  gases  are  hidden  from 
the  observer. 

A  brief  reference  is  made  to  Adel’s  discovery  ( Astrophys .  J.  90,  626  (1939);  93,  506,  509  (1941);  94,  375, 
379,  449  and  451  (1941))  of  N,0  in  the  earth's  atmosphere  as  the  result  of  a  painstaking  analysis  of  the 
infrared  solar  spectrum. 


1943 

BAMFORD,  C.  H.,  "Photochemical  Processes  in  an  Oxygen-Nitrogen  Atmosphere,”  Reports  Prog.  Phys.  9, 
75  (1942-1943). 

Ihitrous  Oxide  (N,0)  has  two  regions  of  continuous  absorption.  One  is  in  the  2200  A  to  1700  A  region, 
and  the  other  begins  at  1580  A  and  extends  far  down  into  the  ultraviolet.  It  is  (stinted  out  that  the  earliest 
photochemical  studies  of  nitrous  oxide  was  that  of  Macdonald  (1928),  who  employed  light  of  XX  1990-1860  A. 
The  nitrous  oxide  was  observed  to  deeom(s>se  into  nitrogen,  oxygen  and  nitric  oxide.  The  quantum  effi¬ 
ciency  of  decomposition  was  3.9  (molecules  N,0  per  quantum). 


Xoyes  (193?)  studied  the  follow  ing  processes. 

X,0  +  hv  —  X,  4  0(4’.  'L>,  or  >S)  (1) 

X.O  4  hv  —  NO  +  X(‘SorJD,  (2) 

IWru  (l)  may  lx*  followed  by 

O  4  NjO  2X0  (3) 

O  4  NjO  — *  X,  4  O,  (4) 

04  04  M— 0,4  M  -  (5) 

The  following  reactions  may  be  expected  to  follow  reaction  (2). 

X  4  XjO  — ■*  NO  4  X",  (6) 

X  4  X  4  M  -  X,  4  M  (7) 


The  general  conclusion  is  that  process  (2)  seems  probable,  but  its  occurrence  is  not  regarded  as  definitely 
proved. 

phice,  w.  c.,  "Absorption  Spectra  and  Absorption  Coefficients  of  Atmospheric  Gases,"  Reports  Prog.  Phys. 
9,  10  (1942-1943) 

This  is  a  report  on  the  electronic  spectra  and  coefficients  of  the  atmospheric  gases.  In  a  previous  report 
by  Chapman  and  Price  (/fe/mrt.i  Prog.  Phy%.  3, .35  (1936))  the  data  on  the  more  common  constituents  of 
the  atmosphere  were  reviewed.  In  the  present  report  the  spectra  of  the  oxides  of  nitrogen  are  considered 
in  detail  because  of  the  recent  identification  of  XjO  and  X,0»  bands  in  the  infrared  Fraunhofer  spectrum  by 
Adel  (1939). 

A  survey  of  the  following  gases  is  given:  X».  <>,.  CO,.  HjO-vapor,  If-O,,  (),.  and  the  oxiiles  of  nitrogen 
(X«f>,  XO,  XO,.  XjOj,  Xi<>s.  XOj),  1 1 XII,.  saturated  hydrocarbons,  formaldehyde,  and  sulfur  dioxide. 

.\itrnus  Oxide.  X,(). 

According  to  Sutherland  nitrous  oxiile  may  be  present  in  the  atmosphere  to  the  amount  equivalent 
to  a  thickness  of  1  cm  of  the  gas  at  S.  T.  P.  Exceedingly  long  path  lengths  and  relatively  high  pressures 
are  required  to  detect  absorption  in  nitrous  oxide  at  wavelengths  greater  than  2000  A.  Due  to  this  trans¬ 
parency  nitrous  oxide  is  considered  to  he  relatively  stable  photoehemically.  This  high  transparency  is 
ass.s-iated  with  its  closed-shell  electronic  structure. 

A  brief  survey  of  ab-orption  measurements  of  nitrous  oxiile  from  XX  3065  A  to  1330  A  is  given.  It  is 
stated  that  direct  photochemical  work  on  nitrous  oxide  shows  the  presence  of  XO,  Oi  and  XOj  among  the 
products  of  photodissociation. 

Nitric  Oxide,  XO. 

Since  nitric  oxide,  XO,  is  formed  from  X-O  hv  photodissociation  and  by  reaction  of  XjO  molecules 
with  oxvgen  atoms  in  the  presence  of  a  third  body  it  may  be  an  inqiortant  constituent  of  the  atmosphere. 

The  formation  of  XO  from  XO*  by  the  following  equation  is  considered  likely  because  of  high  light 
intensities  during  the  day  and  low  pressures. 


XO,  —  XO  4  o 
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A  brief  Mine}  of  the  abruption  spectra  of  NO  is  given.  This  includes  the  investigations  of  Leifson 
(1920),  Flory  and  Johnston  (1933),  anil  l.atnhrev  (1929). 

.Nitrogen  Piiixitir,  NOj. 

The  absorption  of  nitrogen  dioxide  front  6000  \  to  shorter  wavelengths  was  shown  by  Curry  and 
Uerzberg  (1933).  Keferenee  is  also  made  to  the  work  of  Harris,  King,  liettediet  and  IVarse  (1910),  to 
Price  and  Simpson  (1911).  and  Dixon  (1912).  These  determinations  would  seem  to  limit  the  amount  of 
nitrogen  dioxide  present  in  the  iip|>er  atmo-phere  during  the  day  to  less  than  0.1  mm.  Photodissociation 
into  nitric  oxide  would  reduce  this  quantity  to  a  very  low  value. 

The  author  states  that  if  much  nitric  oxide  is  present  in  the  upper  atmosphere  some  nitrogen  dioxide 
might  lie  formed  during  the  night.  I  his  would  he  shown  bv  Fraunhofer  absorption  during  the  brief  interval 
of  sunrise,  or  in  the  spectrum  of  the  moon.  Since  the  formation  of  nitrogen  dioxide  from  nitric  oxide  and 
ox  gen  atoms  is  a  termolecular  reaction,  the  reaction  would  be  very  slow  at  low  pressures.  Thus  a  onn- 
siderable  amount  of  nitric  oxide  might  yield  only  a  very  small  ipiantity  of  nitrogen  dioxide. 

Nitrogen  Pentnxide,  N,0» 

The  work  of  Jones  and  %  ulf  (193, 1  is  mentioned.  These  investigators  give  absorption  coefficient*  for 
nitrogen  pentoxide.  However,  the  absence  of  discrete  bands  would  prevent  their  values  to  be  used  to  set 
a  limit  on  the  ipiantity  of  N,< >v  that  might  be  present  in  the  atmosphere. 

iXitropen  Triaxide,  NO,. 

From  absorption  coefficient  measurements  by  Sprenger  (1931)  the  limit  of  the  amount  of  this  gas 
in  the  atmosphere  Would  be  considerably  less  than  an  equivalent  thickness  of  0.1  mm  at  S.  T.  P. 

SITHEIU.a>d,  g.  b.  b.  m..  am»  <:ali.em)ar.  g.  s.,  ’  The  Infrared  Speetra  of  Atmospheric  Cases  other  than 
^ater  Vapor,”  Reports  Prop.  Phvs.  9,  18  (1912-19-1.3). 

The  generally  areepted  interpretation  of  atmospherir  absorption  in  the  infrared  is  shown  in  Figure  1 
in  the  pafier.  It  is  noticed  that  below  7  u  all  absorptions  with  the  exrrption  of  the  electronic  (),  band  at 
0.76  a  are  due  to  HjO.  CO.,  and  <  At  i.6m  and  7.8  m  there  are  two  weak  bands  attributed  to  N’,0s  and 
N,f)  respectively. 

The  definition  of  absorption  is  given.  In  the  equation  for  Larnbert-Beer’s  Law 

. . . .  .  •  . .  h  -  e-‘‘J  =  W'*"  '  '  . .  . 

where  I,  is  the  intensity  of  the  transmitted  radiation  between  X  and  X  +  iX. 

I(m  the  intensity  of  the  incident  radiation  between  X  and  X  -f-  iX.  c  is  the  concentration,  i.e.  number  of 
absorbirg  molecules  per  unit  path  length. 

/  the  path  length  of  the  radiation  in  the  absorbing  gas. 

9  the  path  length  in  centimeters  which  would  contain  the  same  number  of  molecules  if  the  gas  were  at  S.  T.  P- 
Chapman  proposed  the  name  atmo-rentimetcr  as  the  unit  for  this  quantity. 
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ISitrous  Oxide  and  Xitrope.n  Pentaxide. 

Keferetxr  in  made  to  the  work  of  Adel  and  I.ampland  (1938)  who  showed  that  the  two  weak  bands  at 
7.6  a  and  7.8  a  were  due  to  the  presence  of  appreeiahle  quantities  of  Nj()»  and  NjO  respectively  in  the 
atmosphere.  Later  Adel  (1939)  considered  these  hands  aa  a  doublet  due  primarily  to  N'tO.  hut  having  the 
ahorter  wave  maximum  intenaified  by  the  presence  of  N’jOi.  Further  evidence  for  the  preaenee  of  NjO  in 
the  atmoephere  waa  the  diacovery  of  an  additional  weak  ahaorption  band  at  8.6  m  which  waa  aaaigned  to  N2(). 
Employing  a  grating  apectrometer  Adel  (1911)  announced. the  identification  of  the  individual  rotation  linea 
of  N»0  in  the  apectrum  of  the  atmoaphere  at  7.7  n. 

Sutherland  and  Callendar  in  the  preaent  paper  found  a  value  of  0.8  for  the  abaorption  coefficient,  kk 
of  the  7.8  m  band  of  Nj().  From  thia  they  eatimated  that  there  were  0.8  atmo-cm  of  N20  in  the  atmoaphere. 
Taking  thia  value  with  the  computed  figure  for  kA  (0.3)  of  the  NjO  band  at  8.6  u,  the  latter  band  waa  inferred 
to  have  an  average  abaorption  intenaity  of  20  per  cent.  The  uncertaintiea  in  theae  values  seem  too  great 
to  draw  any  concluaion. 

The  caae  of  N’iOi  ia  alao  conaidered.  In  the  rumraary  it  ia  stated  that  there  ia  fairly  good  evidence 
for  a  few  millimeters  of  NjO  in  the  atmoaphere  and  very  weak,  evidence  for  a  few  tenths  of  a  millimeter  of 
NiO». 

1944 

HLTCHINson,  c.  Evelyn,  "Nitrogen  in  the  Biochemistry  of  the  Atmoaphere,”  Am.  Scientist  32,  178  (1944). 

Thia  paper  ia  an  extensive  summary  of  the  quantitative  estimate  of  the  rate  at  which  nitrogen  undergoes 
certain  phases  of  its  cyclical  geochemical  migration  into  and  out  of  the  atmoaphere.  The  following  table 
ia  included  on  the  eatimated  distributed  nitrogen  in  the  earth. 

In  primary  lithosphere  ~  37,000  gm  per  cm* 

In  atmosphere  755  gm  per  cm* 

In  sediments  87  gm  per  cm* 

The  sources  of  combined  nitrogen  in  rain  and  snow  are: 

(a)  From  soil  and  the  ocean 

(b)  From  fixation  of  atmospheric  nitrogen 

1.  Electrically 

2.  Photocheraically 

3.  In  the  trail  of  meteorites 

(c)  From  industrial  contamination 

The  following  topics  are  discussed  in  the  paper 

(1)  Biological  fixation  of  nitrogen 

(2)  Bacterial  regulation  of  the  composition  of  the  atmosphere 

(3)  Speculations  on  the  evolution  of  the  nitrogen  cycle 
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KRIECEL.  MONROE  w„  "Analysis  for  Hydrocarbons  in  the  Presence  of  Nitrous  Oxide,”  Geophvs.  9,  447  (1944). 

Thia  paper  describes  the  technique  for  the  analysis  of  noil  air  for  small  quantities  of  hydrocarbons. 
There  are  reasons  for  believing  that  nitrous  oxide  exists  in  soil  air. 

The  boiling  point  of  nitrous  oxide  places  it  in  the  light  hydrocarbon  fraction.  The  reasons  for  believing 
that  nitrous  oxide  is  a  constituent  of  soil  air  are  given.  A  table  of  boiling  points  of  gases  at  one  atmosphere 
after  Hodgman  and  Holmes,  "Handbook  of  Chemistry  and  Physics,”  26th  ed.,  Cleveland,  Ohio,  The  Chem¬ 
ical  Rubber  Publishing  Co.  (1942)  is  included.  Nitrous  oxide  has  a  boiling  point  of  —  89.5°C  at  760  mm 
Hg  pressure. 

The  dissociation  of  nitrous  oxide  in  the  silent  discharge  at  pressures  above  10  cm  Hg  was  investigated 
by  Joshi  (Trans.  Faraday  .Sot.  23,  227  (1927);  ibid.  25,  137  (1929)).  The  dissociation  was  found  by  Joshi 
to  be  according  to  the  following  reactions. 

2N,0  —  2N,  +  O,  (1) 

- 2N,D  —  2NO  +  N,  (2) 

2ND  —  N,  +  O,  (3). 

A  plausible  source  of  nitrous  oxide  in  soil  air  is  suggested  as  the  glow  decomposition  of  commercial 
fertilizers,  especially  in  fanning  regions.  The  element  nitrogen  is  present  in  the  form  of  ammonium  salts, 
nitrites  or  nitrates  in  fertile  soils.  Pure  nitrous  oxide  is  prepared  by  the  gentle  heating  of  ammonium  nitrate. 

NHsNQi  -  N'jO  +  2H»0  (4) 

Studies  of  decomposition  of  vegetation  under  aerobic  conditions  show  that  nitrous  oxide  forms  a  large 
portion  of  the  condensed  gas  fraction. 

Details  are  given  for  the  analysis  of  hydrocarbon  gases  in  the  presence  of  nitrous  oxide.  The  method 
seemed  to  be  satisfactory  at  the  Laboratories  of  the  Carter  Oil  Company,  Tulsa,  Oklahoma: 

1945 

briner,  K„  and  karbasst,  H.,  "The  Photolysis  of  Compressed  Nitrous  Oxide,”  Helv.  Chem.  Ada.  28,  1204 

(1945). 

This  paper  is  a  study  of  the  decomposition  of  nitrous  oxide  by  the  action  of  ultraviolet  light  (Ilg-vapor 
lamp).  At  30°C  the  decomposition  of  nitrous  oxide  is  according  to  the  following  reaction: 

4N,0  =  2NO  +  O,  +  3N,  =  2  NO,  +  3N, 

By  employing  suitable  filters  it  was  found  that  only  radiations  of  X  <  22(H)  A  are  active.  Reference  is 
made  to  the  previous  study  on  the  photochemical  decomposition  of  nitrous  and  nitric  oxides  by  Macdonald 
(J.  Chem.  Soc.,  pp.  1-14  (1928.i)  who  employed  wavelengths  1860  to  1990  A.  . . . 

joshi,  s.  s„  and  deshmi  kh,  c.  «.,  "Interaction  of  Nitrous  Oxide  and  Hydrogen  in  the  Silent  Discharge.” 

Mature  155,  483  (1945). 

This  is  a  study  of  the  effects  of  pressure,  applied  potential,  and  the  NjO  II,  ratio  on  the  following 
reaction. 

NjO  -f  Hj  — »  N,  +  11,0 

The  authors  state  that  marked  trares  of  ozone  are  observed  in  the  ilecom position  of  nitrous  oxide  by 
silent  discharge.  Oxygen  and  water  vapor  were  also  observed. 
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uni.  permit.  A  IN* — il*l«-  Smine  nl  \ I im >-|*lii'ii*-  N  o."  ./.  •‘>2.  f(l(l916). 

In  the  present  p.i | ><T  \tle|  refer*  In  . .  .  of  di t n nxiile  ill  llic  earth'*  atmo-phere.  This  »;i* 

1 .i [ill -In  i I  In  (lie  author  i  l'>3*>  ,m<l  I'M  I  In  lln-  nh-rr\ .ilnm  nl'  tin-  absorption  ha  ml  at  T.77  m  in  ill''  Milar 
-pertrum. 

The  origin  nl'  nitron*  oxitle  in  tin1  atmo-phere  at  tin*  time  of  tin-  pajier  ( 1*1  W»>  U  still  in  ilnubt.  Its  pres. 
~  enee“m  the  u  pper  atmo-phere  i*  not  re.nlily  explaineil  l>\  tin-  photoeheini-try  nf  the  air. 

Keiereme  i*  mail*-  tn  tin-  ili-emerx  by  krie»el  (C,ntf>h\s.  9.  117  (1914))  in  wliirh  In-  suggested  tin-  slow 
ileroui|>n-ition  nl  eouiuierei.il  fertilizer*  a*  a  |m— ililr  -ouree  nf  atmo-pherie  nitron*  oxide.  Also  tin-  ileeav 
nl  vegetation  nmli-r  ai-rnliii4  emu  lit  inn*  wa»  fniunl  In  kriegel  tn  yield  a  "a*  with  proiK-rties  vary  similar  tn 
nitron-  oxide.  I 

Adel  rain--  tin-  tpie-tinn  that  if  it  i*  im  It-**  I  (rut-  that  soil  air  rontaimj  nitrons  oxide,  soil  air  might  lie 
one  -ourri-  ami  jierhap*  the  primipal  ntu-  nf  tlx-  atmu-pherie  nitrous  oxide  Mayer. 

*  I  f 

ti'H..  vhtmi  k.  "A  Possible  Sottrre  of  Ytmospherie  \-0."  >Wewe  103.  280  (1016).  • 

In  a  letter  to  the  eilitnr  Vdel  refer*  tn  hi*  own  tliseoverv  (1030  anil  10  H)  nf  the  existence  of  nitrons  oxide 
in  the  earth'*  atmosphere.  This  was  t— tahli-heil  by  the  iliseoverv  ami  analysis  nil  an  absorption  bum! 
at  7.77  a  in  the  *olar  sjH-etrnm. 

The  author  eall*  attention  tn  the  examinations  of  soil  air  by  kriegel  {Crnphy*.  9.  147  (lOHI).  kriegel 
ealleil  attention  to  tin-  laet  that  elemental  nitrogen  in  the  form  of  animnninm  salt*,  nitrites  ami  nitrates  is 
pre-ent  in  fertile  -oil*.  VUn  that  one  method  lor  the  preparation  nf  pure  nitrous  oxide  was  by  the  tleeotiipn-i- 
tmn  nl  Nil, No.  ammonium  nitrate  in  aeennl.inee  It*  the  following  reaetion: 

Ml, NO.  -•  VII  +  211*0  >  . 

0 

I  he  probability  that  nitron*  n\i,le  in  -nil  air  might  result  from  the  slow  decomposition  nf  eommereial 
lertili/er*.  ami  al-o  by  the  ,iernmpn*itinu  » * f  vegetation  umler  aerobic  eomlitions  were  considered  by  kriegel. 
II  I  hi-  i*  true  Vilel  -utrye-l-  that  -nil  air  might  be  one  -ouree  if  not  tile  priori  pa  I  snuree  of  the  nitrous  nxiile 
layer  in  the  upper  atmosphere.  j 


'tu  t..  MtTIII  It.  Atmo-pherie  lemperature*  from  Inlraretl  l.mis-init  S|N-etra  nf  the  Moon  ami  lairlh. 

1.  Ihe  Ozone  Layer."  /'/ns.  //••;■.  71s  .Vil  (|'M7l. 

In  t  hi  -  l-t|er  to  the  eilitnr  the  author -late,  that  a  fiimlament.il  ami  imlepemlent  metliml  of  iletermin- 
tn it  the  temperature  nl  the  o/niie  laser  ha-  been  applietl  to  publi-heil  inlraretl  emis-ion  -peetra  of  the  moon, 
the  earth,  ami  the  a t mn-phere  j  f slmph\ s.  ./.  1(13,  !'•  I'M!)  i. 

It  i-  -taleil  that  tile  methml  i-  a  General  one.  ami  i-  applieable  Jti.tllx  a-  well  to  tin-  II  .<  >.  VI  t  ami  •  3  >; 
enn-tituent*  nl  the  atnin-phere. 

I  he  tempera  till  e  nl  the  n/nlle  lay  IT  W  a*  follllil  tn  be  |  |  (  !  (22*  I  k  1  fur  tilt-  e\  citing  nf  a  September  l‘l  I  1 , 
ami  (!  I  k  lur  i  November  I1/ II. 


/,  z.  .-.  z.  z, 
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Pt'liK.  A..  'ritic.il  Survey  iif  Kfriiil  Theoretical  Wurk  nil  t  lie  la  ini  i-|*ln*r«“,*”  Trrn-nlr.  A/i/g.  (into *.  /.’/«■,  .>2, 

1 1«»  *7 

Tlii«  is  an  excellent  -urvrv  ..I  theoretical  work  on  t lit*  ionosphere.  \  section  on  tin*  couqtositiou  anil 
temperature  of  llit*  ii|.|h  t  ulmn-piierr  i-  given.  Tin*  ioiii|moi|ioii  of  | In*  atmosphere  it  heights  from  KHIkui 
In  Iti7  km  is  di'cu«srd.  TcnijH-r.iture  at  heights  up  to  25(1  km  an*  *;i\ »*n. 

.Till*  author  stale-  that  tin*  late-l  llirorrtii  al  ami  praetical  ra*-iill -  have  shown  tin*  presence  of  mnlt*<'iilar 
nitrogen.  molecular  ox v gen.  atoniir  oxygen.  water  vapor  ami  o/om*.  Reference  is  inaih*  to  tin*  literature 
establishing  tin*  pre-erne  of  the-e  coii-titncnt-. 

An  extensive  bibliography  of  Hi!  reference-  i-  included. 

\ 

SCUM  VI  Kt  **.  IIVXS.  MVM.Iini'.  l.klUIVKD.  UOIUXUHT.  M  VltCOT.  1MI  HUH  VMM.  HII0K.UVH0,  "Detection  of 
Trace-  of  Nitron**  I  hiili*.  \pplication  to  prove  Noiiforination  of  Nitron**  Oxide  in  Air  Irrailiateil  by 
l  Itra  violet  l.ight."  inwrfi.  (hem.  253.  297  ( l*>IT  )• 

In  this  p.  per  the  author**  de-eril»c  their  inetliinl  for  the  analysis  of  nitron**  oxide.  The  pa*  sample  is 
pas-ed  through  potassium  pvrogallol  to  remove  oxy pen.  It  is  then  passed  over  glowing  platinum  to  decorn- 
|m*e  anv  nitrous  oxide.  The  oxvpen  produeed  is  deteeted  colorimetricallv  with  pyrogallate  test  paper. 
The  sen-itiv  it  v  is  0.025  jter  eent  hv  volume  of  N.( ).  The  met  hoi!  may  be  made  more  sensitive  by  eoneentrat- 
ing  the  N-O  by  free/inp  out  lielow  —  102°  C. 

Nil  traee  of  N;<  >  was  obtained  hv  passing  air  over  a  quartz  mereury  lamp.  This  is  in  dirert  contradic¬ 
tion  to  the  claims  of  ke*tner  (Klin.  Wnchtrher.  2.  1875  (1925)). 

vv  HlTTtxoilAM.  r„.  'T.uminescent  Decomposition  of  Nitrous  Oxide,"  A attire  159,  232  (1947). 

The  purpn**e  of  the  work  described  in  this  pajier  is  to  report  observations  on  the  nature  of  the  lumines¬ 
cence  accompany  ing  the  decomposition  of  nitrous  oxide  at  tenqieratures  around  900°  C.  A  How  metlmd 
was  employed  in  the  experiment.  Nitrous  oxide  was  passed  continuously  through  an  electrically  heated 
quartz  tube  3X  20  cm.  A  quartz  window  w  as  at  one  end  of  the  tube. 

The  spectrum  was  recorded  with  a  Hilger  medium  quartz  s|iectrosoo|>e.  A  continuum  extending  from 
the  visible  to  the  ultraviolet  with  a  maximum  intensity  in  the  yellow-green  was  found.  With  long  exposures 
weak  emi-sion  hands  siqierimpo«ed  on  the  continuum  were  observed  and  found  to  be  due  to  nitrogen  peroxide. 
The  primary  dissociation  is  in  accordance  with  the  following  reaction: 

\,0-*\. +  0  (1) 

The  formation  of  nitric  oxide  from  the  decomposition  of  nitrous  oxide  is  considered  to  be  due  to  the 
reaction  of  atomic  oxygen  with  nitrous  oxide. 

N»<)  —  N  -f  NO  (2) 

At  temperatures  of  from  900°(;  to  |000ct;  there  is  the  pns-ihililv  of  the  following  primary  dissociation. 

N-O  — *  N  +  NO  (3) 

1918 

MH.i  ottk.  Mvhcki.  v..  “New  Idcntilications  in  the  Infrared  Solar  Sjieetrum.*"  tslnm.  J.  '.1.  15  (1918). 

I  sing  a  new  prism-grating  spectrograph  which  was  constructed  in  the  laboratory  of  l)r.  II.  II.  Nielsen 
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at  the  Ohio  State  University,  Migeotte  mapped  and  recorded  the  spectral  region*  from  2.8  ft  to  5.1  m  and 
from  7  m  to  11.7  g.  The  grating  had  ruling*  of  7200  and  3600  line*  per  inrh  respectively. 

The  new  solar  spectrogram*  showed  band*  of  NjO  at  3.9  m.  4.5  m  and  8.6  a.  These  observation*  may  be 
taken  a*  confirming  the  work  of  Adel  and  of  Sutherland  who  previously  had  identified  the*e  band*  in  the 
solar  spectrum.  The  present  work  may  be  considered  as  definite  proof  of  the  existence  of  atmospheric  N]<). 

'Shaw,  j.  h.,  Sutherland,  c.  B.  B.  M.,  and  wormell,  t.  w..  '’Nitrous  Oxide  in  the  Earth’s  Atmosphere,” 

Phrs.  Rev.  74,  978  (1948). 

A  series  of  solar  spectra  in  the  infrared  region  from  2.5  ft  to  5.0  was  observed  at  the  Solar  Physics 
Observatory,  Cambridge,  England.  The  authors  employed  a  spectrometer  with  a  lithium  fluoride  prism 
and  a  llilger-Schwartz  thermocouple  as  detector.  The  evidence  of  the  presence  of  nitrous  oxide  in  the  atmos¬ 
phere  above  the  Observatory  was  established.  Hands  at  3.90 /a.  4.06  p.  ami  4.50  ft  in  the  solar  spectrum 
agree  iu  wavelength  with  known  absorptions  of  nitrous  oxide.  They  agree  in  position,  in  relative intensity, 
and  with  bands  obtained  in  the  laboratory  using  an  absorption  cell  filled  with  nitrous  oxide  with  a  Nernst 
filament  as  light  source. 

The  4.5  m  NtO  doublet  is  a  very  intense  band  but  is  partially  masked  by  the  COj  band  at  4.3  g.  The 
authors  were  unable  to  establish  the  bands  at  7.8  a  and  8.6  a  on  which  Adel  (1939)  based  his  first  announce¬ 
ment  of  atmospheric  nitrous  oxide.  The  region  about  7.8  n  is  masked  by  the  edge  of  the  great  6.3  n  water 
vapor  band  when  the  observation  is  made  at  a  low  altitude  station. 

The  authors  conclude  that  their  present  work  may  be  considered  to  confirm  that  of  Adel  in  the  identifi¬ 
cation  of  nitrous  oxide  in  the  atmosphere.  The  amount  present  in  England  is  1.0  atmo-cm  which  is  of  the 
same  order  as  in  America.  It  is  suggested  that  it  is  reasonably  certain  that  the  presence  of  nitrous  oxide  in 
the  upper  atmosphere  is  a  world-wide  phenomenon.  Its  vertical  distribution  should  be  determined.  It 
may  be  important  in  the  atmosphere's  radiative  equilibrium  if  the  maximum  concentration  occurs  in  the 
upper  atmosphere. 

Taylor,  r.  c.,  brown,  R.  a.,  YOL'NO,  w.  s.,  and  HEAD! noton,  C.  E.,  "The  Mass  Spectrometer  in  Organic  Chem¬ 
ical  Analysis,”  Anal.  Chem.  20,  396  (1948). 

The  utility  of  the  mass  spectrometer  in  the  analysis  of  a  number  of  gaseous  mixtures  is  pointed  out. 
The  analysis  of  gas  samples  as  small  as  10'*  ml  is  discussed.  The  relative  intensity  of  principal  peaks  in  mass 
spectra  of  some  oxygenated  compounds  is  given  in  Table  1  of  the  paper.  The  following  values  are  given 
for  NtO. 

. . . .  m/e _ _ Nitrous 'Oxide _ _ _ _ _ _ 

13.8 
6.21 

13.8 
0.28 

35.9 

0.22 

100.0 
0.73 
0.22 
13.6 
4.08 


11 

16 

28 

29 

30 

31 
44 
15 
46 

Sensitivity  of  100%  peak  (div.  ^micron) 
Sensitivity  of  n-butane  at  m/e  58 
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adel,  ARTlU'H,  "A tmospherie  Nitrous  Oxide,”  ,-tstnm.  J.  34,  123  (mi')). 

Tbit  is  a  brief  note  reporting  that  the  observation*  of  the  absorption  and  emission  of  atmospheric 
nitrous  oxide  are  being  analyzed  for  the  teni|>erature  of  the  gas.  The  note  acknowledges  the  confirmation 
/  of  the  author's  ( 1  939  1 1 )  discovery  of  atmospheric  nitrous  oxides  by  Sutherland  and  his  co-workers  at 
•j  Cambridge  University',  England. 

Adel  also  calls  attention  to  his  suggestion  (1046)  that  nitrous  oxide  escaping  from  soil  air  might  consti¬ 
tute  a  possible  source  of  nitrous  oxide  in  the  upper  atmosphere. 

clemo,  a.  r..  and  swan,  r..  a..  "The  Nitrogen  Cycle  in  Nature,”  Xnture  164,  811  (1940). 

On  2  September  10  40  at  a  Meeting  of  the  British  Association  in  Newcastle  Section  B  (Chemistry)  a 
discussion  was  held  on  "The  Nitrogen  Cycle  in  Nature.”  Professor  A.  I.  Virtanen  gave  an  account  of  the 
work  which  he  had  been  carrying  out  at  Helsinki  in  collaboration  with  other  investigators. 

Anaerobic  nitrogen  fixation  proceeds  most  likely  via  reduction.  In  aerobic  nitrogen  fixation  a  primary 
oxidation  of  uitrogen  is  postulated.  The  two  schemes  are  illustrated  as  follows: 

Anaerobic  Aerobic 

Ni  N, 

i  l 

Nil  =  MI  2N 

'  1  i 


MI,  -  MI, 

l 

MI, 

T 

nh,oh  <— 


2N 

i 

N,0 

i 

(NOH), 


The  authors  state  that  these  two  different  routes  while  not  attractive,  at  present,  seem  unavoidable. 
All  the  results  obtained  so  far  imply  that  all  nitrogen  sources  produce  chiefly  ammonium  nitrate  prior 
to  amir.o-acid  synthesis. 

NOT  N, 

i  / 

NOT  N,0 

l  / 

(NOH),  ^=2  MI, OH  Z!  NH,+  ,  +>*—*!_»  a-amino  acid 


MCMATH.  Robert  R.,  "Earth’s  Atmosphere,”  Astron.  J.  54,  214  (1949). 

This  is  a  brief  report  on  the  research  work  at  the  McMath-Hulbert  Observatory.  Mention  is  made 
of  the  study  of  the  line  intensities  in  the  near  infrared  telluric  bands  of  N,0. 

A  preliininarv  analysis  of  the  2.13  a  band  of  N,0  yields  a  value  of  4  mm  at  N.  T.  P.  for  the  abundance 
of  atmospheric  N,( ). 

High -resolution  studies  of  N,<)  bands  from  2  m  to  3.6  ti  have  been  investigated. 


it 


MCM4TII.  hohkkt  a M>  i.oi  iuii  hc.  i.Kn.  "Itci'fnl  Kxploration  of  tin*  Infrared  Solar  S|N*<-triiin  at  the 

McMuth-llulhcrt  (  >b«erv alory .”  /Vw.  Ini.  Philos.  Sor.  91.  161  (|6l9i. 

An  account  is  given  ol  tin-  infrared  solar  spectrum  with  high  resolution  from  1.1  u  to  1.6  u.  Broad  areas 
of  tin*  -olar  >|H-rtn:m  arr  completely  masked  In  absorption  in  the  «*art li*-  atmo-phere.  Iltmrtcr.  three  rela¬ 
tively  transparent  "»inil<i«»“.  (Tiiiiwil  a|>|iro\iniat<‘l\  at  1.6  m.  2.-  m  ami  lf.il  u  jiermittcd  tin*  recording  of 
mailt  hundred*  of  prev  iously  uiloh.crvcd  absorption  line*.  A  ilrtaih'il  description  is  {riven  of  the  McUregor 
toner  telescope  ami  spectrometer. 

In  the  region  2.6  m  to  1.6  m  a  haml  of  N-O  apjiear*  at  2.67  m-  The  author*  state  that  to  ilate  (I'M1)) 
the  exploration  of  the  inframl  solar  spectrum  ha*  disclosed  new  hand*  of  methane  (OHil,  nitrous  oxide 
(VIP.  and  the  two  isotopic  form*  of  earhon  dioxide  C,*0*1*  and  Cl5f )IS(  I1*. 

figure  3  in  the  pa|»er  show*  a. section  of  the  2.1.1  m  hand  of  nitron*  oxide  in  the  *olar  *]H*ctrum  a*  com¬ 
pared  with  the  *ame  *erie*  of  line*  from  a  lahoratory  ex|H*riinent  by  tin*  equivalent  of  76  nnn  of  \*()  at 
1  10  atmo-pherie  pressure .  By  comparing  tin*  two  *et*  of  inten*itie*  an  equivalent  atrno*pheric  abundance 
for  .N;<  >  was  found  to  he  alxiiit  l  mm  at  atnio*pherie  pressure  and  tcmjieraturr  of  20°C.  or  about  one  part  in 
two  million  of  the  volume  of  the  atmosphere. 

1.0  2,000,000  —  5  X  I0~*  percent  by  volume. 

A  similar  procedure  for  methane  gave  an  atmospheric  ahundanee  of  about  12  atmo-inm.  The  2  m 
region  of  the  solar  s|ieetnim  also  showed  other  new  hands.  Two  of  these  at  2.11  m  and  2.26  m  are  due  to 
nitrous  oxide  (\:(>). 


WM.T/m.  KORKKT  J-.  K*TKY,  RiHiKH,  ami  stkono.  jon\.  “Progress  Report  on  High  Altitude  Infrared  Trans¬ 
mission  ol  the  \tmo*phere,”  ON  K  I ’.on tract  Nlori- 166.  Task  Order  V,  Johns  Hopkins  University, 
16  January  I'M'). 

1  hi'  is  a  preliminary  report  of  records  obtained  during  the  11-26  flights  to  36.000  ft.  (11  km).  The 
John*  Hopkins  infrared  double  monochromator  w  as  used  in  the  Might*  to  obtain  infrared  spectra  of  the  sun. 
A  description  of  the  double  monochromator  is  given. 

figure  7  of  the  report  contains  bands  which  have  not  been  discussed  and  whose  absorption  vs  altitude 
are  not  drawn.  Reference  is  made  to  llettner.  Pohhnann.  and  Schumacher  (X.  Phvsik  91,  172  (1911)) 
who  attributed  the  bands  in  regions  (I  I  and  (11)  Figure  7  to  .NjOs. 

Atom. Kit.  imitHN.  ami  imkkck.  a.  kkith.  “An  Improved  Tracing  of  the  Solar  Spectrum  between  2.9  and 

1.6  microns,"  Puh.  Islnm.  .Soc..  Pnrijir.  61.  221  (1919).  . . . . . . . . . . 

In  this  note  from  the  McMath-lliilbcrt  Observatory  of  the  University  of  Michigan  the  authors  have 
described  their  observation*  of  tile  infrared  -olar  *|icrtHUii  using  the  Metircgor  sjieotrotneter  of  the  McMath- 
llulhert  Observatory.  I  lie  region  of  investigation  was  extended  to  include  2.6  m  to  1.6  m.  This  was  made 
possible  by  the  use  of  a  refrigerated  I’bS  cell. 

In  I  ipm*  I  of  th*’  pap«*r  tin*  -|M*rtnnn  i-  -lioun  for  th«*  rfjiion  from  3.1  u  lo  3.3  /j.  Thi*  w'a**  rt*«*onh*«l 
vv i t li  tin*  m*w  rrrnnltT.  Tin*  li'rurr  «|im*-  not  -Imw  tli<*  repon  hrtH**<*n  2.{)  y  ami  3.1  ji.  I  Ik*  author?*  ntate 
that  ihi-  n  jiiori  «lominatui|  hv  tli.*  of  tin*  two  uat«T  ban*!-  v*  «rnt»*n*il  at  X  2f>.(>23  ami  at  27,381. 

N»*ar  X  3<».n00  iiimiprnib  individual  lines*  h<don"iti"  to  the  00. ,0- -02,. I  haml  of  \2<)  are  reported  in  tlu*  pajH*r. 


V 


MORKIS,  kelso  b.,  ami  Davidson,  ETHEL  M.,  "Determination  of  Nitrou*Jl)xide.”  Anal.  Chem.  21,  757  (1949). 


This  is  a  rejMirt  of  the  determination  of  nitrous  oxide  in  the  producl 
an  Ofliee  of  Naval  Research  eontraet. 

There  are  two  well-known  methods,  (a)  slow  eomhustion,  and  (In 
and  obtaining  data  on  nitrous  oxide  and  nitrous  oxide-nitrogen  method 
represents  the  reaetion  in  both  methods: 

NjO  4-  II.  -  N*  +  H.O 

The  total  eontraetion  is  equal  to  the  volume  of  nitrous  oxide. 

Reference  is  made  to  Kobe  and  MacDonald  (Inti.  En/>.  Cheat.  Anal 
a  silica  gel  catalyst  containing  0.125  |>er  cent  of  platinum.  The  nitrous  < 
at  515°  (1  by  a  limited  excess  of  hydrogen. 

The  authors  used  a  speciaj!  RurreH  litiild-up  gas  analysis  unit  man 
Supply  Company,  Pittsburgh, LPepnsyl vania.  The  procedure  and  result! 


s  of  certain  oxidation  studies  under 

catalytic  reduction  for  determining 
The  following  chemical  equation 


.  Ed.  13,  457  (1941)) who  employed 
xide  was  reduced  over  the  catalysts 

ifactured  by  the  Burrell  Technical 
s  of  both  methods  are  discussed- 


NICOLET,  M.,  "The  Problem  of  the  Ionosphere  Region,”  J.  Genphys.  Research  54,  373  (1949). 

The  effects  of  the  ultraviolet  radiation  from  the  sun  on  Oj,  ()3,  Na  Jl.O-vapor,  N.,  N.O,  and  He  are 
described. 


roma xn,  JACQI  ES,  .and  mayence,  JANINE,  "The  Absorption  S|)ectrum  of  .Nitrous  Oxide  in  the  Schumann 
Region,”  Compt.  rend.  228,  998  (1949). 

This  is  a  report  of  an  investigation  of  the  absorption  spectrum  of  N-O  in  the  Schumann  region.  The 
spectral  region  studied  was  from  2150  A  to  1391  A  at  I8°C  and  at  pressure;  from  7.5  to  525  mm  llg.  Absorp¬ 
tion  was  found  to  be  independentHof  the  pressure  within  these  pressures.  Absorption  maxima  were  observed 
at  X  1840  A  and  X  1450  A.  There  was  no  evidence  of  photochemical  dissociation  (N.O  4-  hv  — >  NO  4-  N) 
even  after  long  irradiation. 


adel,  ARTHt’R,  "Temperature  of  the  Atmospheric  Nitrous  Oxide  Layer,”  istron.  J.  55,  69  (1950). 

The  emissivitv  and  radiation  intensity  of  the  atmospheric  nitrous  oxide  layer  was,  measured  at  7.8  a. 
The  effective  radiation  temperature  ranging  from  0°  and  10°C  were  found. 

This  evidence  taken  with  the  distribution  of  rotational  intensities  displayed  by  the  atmospheric  nitrous 
oxide  bands  suggest  that  the  N.O  layer  is  largely  present  in  the  troposphere. 


A  PEL.  ABTHIH.  "The  Kmissjon  >|>ertra  of  the  F.arth’s  Surface,  the  Troposphere,  and  the  Lower  Stratosphere,” 
Centra.  Prnc.  Roy.  Melenrnl.  Soc.,  pp.  5  8  (1950). 

The  following  table  of  polyatomic  constituents  of  the  earth’s  atmosphere  is  given.  Their  abundance 
is  comparatively  minute  but  important: 
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('-oni|Mtun<l 

Wslrr  va|mr  (11,0) 

Carbon  Oioaiilr  (C(*d 
I  Kune  (Of) 

Nitrous  a  Kill**  (NjO) 
Methane  (('ll*) 

Heavy  water  011*0) 


Amount 

From  *  mm  to  mori*  than  50  mm 
liifiiiil  aatrr  laver  equivalent 

5  m  N.  T.  I*. 

3  mm  N.  T.  P. 

5  mm  N.  T.  P. 

1  rm  N.  I'.  P. 

10~*  of  watrr  vapor 


Effective  railiatiun  temperatures  of  tin*  atmosphere  may  be  deduced  from  observations  described  in 
the  paper,  provided  then*  in  available  also  a  solar  or  lunar  spectrum  showing  in  absorption  the  bamls  pre¬ 
viously  recorileil  in  emission.  In  the  temperature  reduction  Of  the  data  it  is  assumed  that  the  molecule  is 
present  in  an  isothermal  layer.  This  is  stated  to  be  largely  an  unknown  value  for  nitrous  oxide. 

Assuming  an  isothermal  layer  one  max  take  the  emiseivity  of  nitrous  oxide  at  a  particular  wavelength 
to  be  eijual  to  the  absorptivity  as  given  by  the  absorption  speetrinn.  The  method  for  calculating  the 
radiation  temjieratures  of  NjO  and  03  is  given. 

The  effective  radiation  tenqicrature  for  nitrous  oxide  was  found  to  lie  between  0°C  and  10°C  in  con¬ 
trast  to  about  —-llVC,  the  low  oeonospbere  temperatures.  This  temperature  range  for  N-O  coupled  with 
the  well  developed  distribution  of  rotational  intensities  in  the  atmospheric  absorption  bands  indicates  that 
the  nitrous  oxide  most  likely  resides  in  the  troposphere. 

B4TES.  D.  R.,  (Ml  XICOLET.  M.,  "Oxides  of  Nitrogen.”  J.  Geophyx.  Research  55,  306  (1950). 

This  paper  is  a  study  of  the  photochemistry  of  atmospheric  water  vapor.  In  the  section  of  absorption 
cross-sections  the  different  atmospheric  gases  are  considered  separately.  With  reference  to  the  oxides  of 
nitrogen  the  authors  state  that  while  the  amount  is  unknown,  nitric  oxide  (NO)  is  present  in  the  atmosphere 
since  it  is  a  dissociation  product  of  nitrous  oxide  (N-O). 

Nitrous  oxide  is  stated  to  he  certainly  one  of  the  constituents  of  the  atmosphere.  It  is  probably  more 
abundant  than  ozone.  Nitrous  oxide  has  an  ionization  continuum  beginning  at  about  1300  A  where  ()* 
is  transparent.  No  determination  of  the  associated  cross-sertion  was  made. 

While  absorption  cross-sections  for  N-O  are  not  known  with  precision,  laboratory  measurements  suggest 
the  following  values:  , 

At  2900  A.  5XlO-”rm! 

At  1900  A,  5  X  10-1’  cm! 

. . ;  --  At  1 150  A,  1  X  10-IT  cm2  -  - - —  . 

There  is  lack  of  data  on  the  vcrtii  al  distribution  of  NzO.  It  is  prohahlv  confined  mainly  to  compara¬ 
tively  low  altitudes. 

BKNESOH,  W..  stroxc..  johx.  VXD  bex F.nicT.  W.  S„  "Progress  I<c|K>rt  on  The  Solar  Spectrum  from  3.3  a 

to  4.2  a."  d\  H  (ion tract  5Xnri-106,  Ta-k  Order  V,  Johns  Hopkins  University.  1  August  1930. 

A  prism-grating  spectrograph  with  a  cooled  lead  telluridc  detector  was  employed  in  obtaining  the  solar 
spectrum  in  the  region  .3.3  a  to  1.2  a- 


In  tii**  rcpum  1  *  fi  tt  hue.  <ii«**  to  111)0  ami  (.11,  were  fnuml.  However,  the  (rrincipal 

feature  i*  a  *•  **l! -*i*-iiii*-il  hail. I  ol  V.t  >  who**-  renter  i»  at  JIM  etii'.  Smiii*  TO  Inn**  jr»*  ili*tinpui*hahle  ill 
tin*  liaiul.  I  l>*  next  It, in. I  of  Nst  >  at  2  Mil. Tern  1  ilnl  not  apjiear  a*  prominent  lteran*e  of  tin*  fall -off  in 
ill*-  rlli*  irnrx  In  tli**  equipment  at  tin-**-  loiiL’t-r  Hax rlenpt ll*. 

I  lie  arxrral  i>an*i  Iratiirr*  in  tlii*  repion  of  11*1  i.  Ill)*  t,  ('ll*  ami  \*t)  arr  ili-rti-aetl.  With  reference  to 
N.t  >,  tlir  2  *i  ham!  at  2.TMcin  i*  rlcarlv  re-olxe,l.  Tin-  I'-hramii  max  In*  followed  to  J"  12,  while  tin* 
N-liramii  i»  not  n-*oli*-i!  alwiVr  I"  'll. 

1  hr  author*  relcr  to  a  I’roprr**  llrjiort  on  al**or|ilioii  *|**‘i  trnm  of  tin*  lower  atmo*|thrrr  from  2.5  m 
to  1.0  a.  ilalnl  I  T  .N-pleniher  I’tTo.  John*  Itopkiii-  I  nixrr-itx.  Doruip  t III-**-  invr*tipation*  a  <>0-in*'h  army 
carlion  arr  »carchhjht  w.i*  n  -*•“•  i  .i-  tin-  irilr.irnl  **nirrr.  Ilori/onlal  |ialh  length*  of  a  In  >11 1  100  ft.  to  000  ft, 
a*  To**  th**  ,|oh  rt*  Hopktn*  ram  |  in*  ioti1  nil  |  <l«>  *  it  I  in  I  hr***  *tij*h«‘*.  \h***r|ition  iliu*  to  \*l )  nan  not  ilrterteil 
•luring  tin-***  inxe-tipalion*. 


hi  km  .  «.  *  .  "\l ii  riHli  ti  rinin jIiom  of  Nitron*  ffxnlc  in  t ia*ron»  Mixture.*,"’  \tikr>»hi,mii‘  wr.  Mikrorhim. 
■htn  XT.  I  .IT  I. TO  ilOTO  . 

\  mirxex  i*  gnen  <if  tin-  rejiort-  of  xanoii*  worker*.  ilifTi*  ultir*  in  the  u*r  of  capillary  buret*,  ami  the 
iqieritic  problem*  rnroiintrrril  in  tlo-  analx*i*  of  x**rx  »inall  *ani|ilr*  of  anr*thrtii‘  ga*e*  whirl)  contain  nitron* 
oxiilr.  The  |«n***-nt  pajM-r  •Ir-i-rilir-  in  detail  thr  roii-triu  tioii  ami  o|M-ration  of  a  *|>ecial  hurrt.  The  in»tru* 
mental  reading  error  in  iiira-iirvninit  i*  of  the  orilcr  of  O.O.T  X.  t  )nr  ili-riinal  fraction  of  0.1000  inch  in  equiva¬ 
lent  to  1T..T  X.  It  i*  |*o**itilr  to  ni*-a*nre  2<*)  X  with  an  accuracy  of  1:2000, 

The  method  inxolxnl  i*  tli<*  reduction  of  the  nitron-  oxiilr  in  an  rxcc**  of  |)iirifin|  hydrogen  at  the 
•airfare  ot  a  hot  platinum  wire.  Tin-  water  tliu*  |iro*li|iri|  by  the  reaction  i*  ah»orl>ril  by  a  drying  agent, 

the  *  ha  ripe  in  xolunir  rrpre-ent*  ihreetlx  the  xoliiuie  of  nitron*  oxi'le. 

/ 

1*1 

,N;t  )  +  III - *  \*  "f*  lljt) 

r.ot  liHtHC,  i>.*  i,  "Recent  \  *  I  \  ante.  ,  i  lnfran-il  Silar  S|iectrn«*‘ojix ,"  Report*  Pro/!.  Phys.  13,  21  (1050). 

The  |*re«*-n*-e  of  nitron*  oxiilr  in  tin-  earth’*  atnio*|>herr  wn*  lir*t  oli*erveil  front  •q*ertrn*copic  eviilence 
of  the  e,  fuml.iriiiTit.il  at  T.fi  u  In  \*le|  ( . .  latter  the  pre-cnee  of  atrno*|iherie  \,()  »a*  eonlirineil  hv 
oh*erx ation  of  a*hlitional  h.iml*  at  T.1*  a.  1..T  u  ami  J5.fi  a  hx  Mipeotte  (I'tlOi;  anil  lay  Shaw,  Siithcrlanil  ami 
Mormell  .  I **  fit .  tliroiiph  recognition  of  haml*  at  3.0  u.  1,1  *  ami  t.T  u. 

hour  ail.iiIioit.il  li.oi.f-  of  \-t I  in  tli*  *ol.ir  *|t*-ct ruin  lw t w een  2.0  ami  3.1)  a  were  fouru!  Iiy  MeMath  am! 
(iolillirrp  *  |*» |*»  at  the  McMath-lliilliert  ami  Mount  \X  il-ori  t  )|,-ervatorie*.  From  lalmratorx  experiment* 
I'lx  ler  and  Marker  l*M  I  had  pr#*\  iou-l\  ol^cr^ed  three  of  t fir-  latter  hand*.  2  vj-f-  v\  at  3.0  m.  I  he  fourth 
Iwnd  i»  r\tremc|\  weak  ami  i-  located  at  2.1fi  u.  It  wa*  t>b-*T\ed  on  a  tracin'*  obtained  with  the  *un  just 
al»o'c  the  h<»ri/ori  at  tin*  Mount  NX  il-«»n  t  >b«cr\ at**r\ .  Thr  identification  of  thi*.  fourth  haml  u;ih  established 
nitfi  a  hit’ll  n*-ohition  tracin':  u-in;*  .m  ah-orption  «*•*!!  ront. lining  2o  mi  of  \?( )  at  atmo-p!H*rir  pn^^ur**. 

Thr  ahumlanr**  of  atrnt»«plirrir  N:0  ua-s  ih*trriiiinr<l  !»%  MrMatli  am!  (iolilloTp  hv  rornparinti 

tfu*  mtrn-itir-  of  t hr  lmr«  of  tin*  2.  IT  n  hand  in  th*‘  M)lar  «*jM*rtnim  nitfi  that  produced  h\  a  known  amount 


of  NjO  in  tin*  Ulmriliirv.  Tlx*  telluric  absorption  wan  fount!  to  lx*  equivalent  to  that  which  would  he  pro¬ 
duced  by  4  nun  of  \|U  at  N.  T.  I*. 

HEHZHKHi;,  GERHARD,  *M»  HERZHKHG,  I...  "  Kota  tion- Vibration  Spectra  of  Diatomic  and  Simple  Polyatomic 
Molecule*  with  la>ng  Absorbing  Path*.  VI.  The  Sjieotruni  of  Nitrous  Oxide  t NjO)  below  1.2  m."’ 
J.  CJiem.  Phy  •*.  18,  1551  (1950). 

Thi*  i*  a  detailed  report  of  the  photographic  infrared  absorption  spectrum  of  N',0  from  laboratory 
studies.  Long  absorbing  path  lengths  were  used  up  to  4500  in  atmo*.  The  vibrational  and  rotational 
analyse*  are  given. 

MGMATH,  ROBERT  R„  PIERCE,  A.  KEITH.  WOHLER.  OHREN  C.,  GOLDBERG,  LEO,  AM)  DONOVAN,  KISSEL  A., 

’’.N,0  Band*  in  the  Silar  Spectrum,"  /’/ iv».  Wet’.  78,  65  (1950). 

Credit  is  given  to  Adel  (1959)  for  first  detecting  nitrous  oxide  in  the  earth's  atmosphere  through  observa¬ 
tions  of  the  *1  fundamental  at  7.8  >>.  Observations  of  other  N]t)  bands  at  3.9  p,  4.1  p  and  8.6  p  were  subse¬ 
quently  made  by  Migeotte  (1949)  and  by  Shaw,  Sutherland  and  Wormell  (1918). 

It  is  stated  that  the  laboratory  observation  of  Plyler  and  Barker  (1931)  suggested  additional  weaker 
band*  of  NtO  might  appear  in  the  solar  sfiertrum.  The  bands  predicted  at  2  at  -f-  vj  at  2.97  p,  2  rj  at  2.26  p, 
and  2  +  rj  at  2.13  a  have  all  been  found  in  the  solar  spectrum. 

Comparison  of  telluric  and  lalxiratory  intensities  indicates  the  abundance  of  N’,()  in  the  earth’*  atmo*. 
phere  to  be  equivalent  to  that  in  a  lay  er  4  mm  thick  at  N.  T.  P. 

migeotte,  marcel  v.,  "Fine  Structure  of  NjO  Hands  in  the  Infrared  Solar  Spectrum,”  .introphys.  J.  112, 
136  (1950). 

An  excellent  summary  of  the  work  on  the  presence  of  Njt)  in  the  earth’s  atmosphere  is  given.  The 
following  table  summarizes  thi*  review: 


( >b«erver 

Dale 

Reference 

Observation 

Adfl 

1933 

Atrophys.  J.  88,  186  (1938): 
ibid.  90,  627  (1939). 

Announced  presence  of  NjO  in  earth’*  atmosphere  to 
explain  the  band  at  7.6  m  region  of  prinmatic  nolar 
npectrum. 

Adel 

1939 

A  trophy  t.  J.  90,  627  (1939). 

Observed  additional  band  8.6  m  attributed  to  NtO. 

Adel 

1941 

Asxrophya.  J.  93,  509  (1941). 

Identified  individual  rotational  linen  of  NtO  in  atmoa* 
pheric  apectrum  at  7.7  m 

Sutherland  and 
(.lallendar 

1943 

R rports  Pstg.  Phvs.  9,  18 
(1943). 

Evidence  fr>r  presence  of  NjO,  while  atrong,  wan  not 
entirely  conclusive. 

Adel 

1941 

Atrophy i  J.  94,451  (1941). 

High  reaolution  aolar  npectrogramn  did  not  a  how  fine 
structure  of  N?0  band  at  8.6  m* 

M  ijjrottf 

1948 

Attron,  J.  54,  45  (1948). 

Stated  that  presence  of  atmoapheric  NjO  wan  con* 
firmed.  Fine  structure  of  NjO  bands  at  8.6,  4,5 
and  3.9  m  *hown. 

Shaw,  Sutherland 

19 18 

Phy,  Hot  .  74,  978  (1918). 

Independently  f«»und  bauds  of  NaO  at  4.5,  4.06  and 
3.9  m  on  aolar  npectrum,  lithium  fluoride  prism. 

MrMath 

1049 

Attron.  1.  54,  214  (1919). 

Fine  atnicture  due  to  NjO  between  2  apd  3.6  m* 

w 

In  tin*  firv^nt  |M|K*r  by  Mipeott#*  the  r»**olt*  of  o|warution»  nude  in  lh«*  8.0  and  l..>  m  rt*pi«Kin  of  thr 
M»lar  f|HM  |riiin  art*  niven.  I  he  |»riMii'>pratiMp  »|N*rln»pr«i|»li  employ  «*d  in  ill#*  »tudy  i*  deM  rilied, 

hi  purr  1  in  thr  |u[w*r  p\e»  llir  linr  •iriirfur#*  «»f  tin*  »<»lar  -jMMiriiiii  obtained  In'twern  K..V>  m  and  8.81  m- 
I’ifltin*  2  dinti*  tin*  Miliir  ^|*e<  trum  iM'Ineen  l.  Ut  u  and  I..VJ  >*.  I  !orrt‘*|H»ndiup  tali!#**  of  u at *d<*nptli»  if)  th#*f*r 
rrp.on*  arr  included. 

■*!«  H4Rini\,  h.  K.  RHK.HT.  '*Tln*  Infrared  S|»ecirimi  of  .VNuO  and  thr  Force  Constant* 

of  .Nitrou<%  ( hide,**  J .  (.hvm.  I*h\ «.  18,  OMt  000  \I0.>0). 

Thr  invr«tigatmn  of  lln*  inframl  .pectruiii  of  an  ieotopir  mollification  of  the  molecule,  N 1  *  N't ),  of 
mlrou.  ovule  i.  rrfiortril.  The  .tmlv  provitleii  a  mean,  of  obtainin';  an  aihlitioital  ilatiim  from  Hliieli  the 
interaction  constant /«  in  the  f.itmlial  function 

2  t  -  fiSri*  -f  f,±r,'  -f  2 /uAnArj 

rouhl  lie  iletertnineil.  The  oh-ervcil  freipiencic.  Herr  u«cil  in  computing  the  force  eon. taut  value.,/i  —  17.88, 
/t  1 1 .  l‘h  ami  /„  -  l.fUi  X  I**1  ilvnr.  cm.  re.firotively. 

The«e  value,  are  con.i.tent  nilli  the  electronic  configuration  of  N,0  that  the  .tructurr  i.  a  refinance 
In  hriil  rconating  lietneen  the  tun  (principal)  .triicturp*. 

--  N  ~  O;  ami  :\ 

SH  in.  J.  It.,  oxhoi  M.  ,.  i...  vmm  i(  vpm  vv,  H.  M.,  'T'ine  Structure  of  N-(  I  near  1.06  n  in  the  .Solar  S|ieetnun,M 
Phvx.  Wet.  78.  107  (l't.Vl). 

In  a  letter  to  tlie  eilitor  the  author,  announce  their  inve-tigationa  of  the  mlar  .[lectriuu  in  the  region 
•1.*l  a  In  1.2  m-  V  |iri. ui-graling  «|iertronicter  of  the  I'ftiml  tvjie  ei|iii|i|M'il  v,  1 1 li  a  7JiMl  line  |ier  inch  eelielette 
replica  grating,  ami  a  I'erkin-KIrner  I'l-cyclc  jier  .econii  iherimM'ouple-amplilier  .y.tein  Ha*  u*eil. 

I  he  iilentification  of  the  1.00  u  hanil  ha. I  previmi.lv  lieen  reportetl  liv  Shan.  Sutherlaml  anil  Worniell 
\Phv%.  Wee.  71,  '<78  ( l'»18l ).  In  the  prr*ent  Hork  reporteil  in  thi.  letter  over  70  rotation  line,  in  thi.  1.06  a 
barn!  Here  ob*erveil.  The  abwirplion  of  the  .tronge.l  line.  Ha.  not  inure  than  10  jierrent. 

ILUROD,  it,  L,  »mi  kroctj.  m.  e..  “Nitmii.  Ovule  a.  a  (ion.lituent  of  the  Vtinoephere,”  J.  Im.  ('hrm.  Sor.  72, 
117.',  (1«>S0). 

In  thi.  paper  the  author,  have  j.olatc<i  ami  a.  a  re.ult  conlirrneil  the  |ire-enee  of  nitron,  oviile  a.  a 
eon.tituent  of  the  atmo.phere.  The  nitron,  oviile  na.  -eparateil  from  the  inorr  volatile  ga-c.  in  the  alino*- 
phere  by  a  tv  fie  of  fractional  ili.tillation.  After  thi*  .cparalion  the  nitron,  oviile  na.  i,lentili:*il  by  the  u»c 
of  tlie  ma->  -fiectrometer. 

The  re.ult.  for  ten  -.1  in Jilc-  of  air  from  -iv  location*  ineluiiing  live  from  Teva.  anil  one  from  ^  coming 
are  given  in  the  report.  The  apfiaratu.  ami  nirlhoil  are  iii-.cril.il  ami  ili.eu.-cil  in  iletail.  In  the  folloHing 
table  of  the  concentration  of  the  mori*  ran1  roii*tituent-*  m  the  almo-phere,  nitrous  «>xide  i*  included. 
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Nitrou*  oxide  wu*  fitiiiiil  lo  In*  present  to  t !»**  rxtrfll  of  0.0)1005  ±  0.00001  percent  by  volume.  The 
value  o.tnmo.5  |ht  ■•rtil  In  volume  for  tin-  nitron*  oxide  content  wan  ba«od  upon  the  result*  of  tlir  analysis 
of  t-n  -ample*  of  air. 

It  i-  |Hnitli*i|  out  that  from  absorption  data  tin*  amount  of  atmospheric  nitron*  oxide  Ha*  r*tiinatnl 
to  Im-  npuv  alrnt  of  a  layer  of  pa*  several  millimeter*  thick  at  N.  T.  I*.  It  i*  intrrrstinp  lo  notr  that  a  layer 
four  millimeter*  thick  corrr*|N«nds  to  rxactlv  the  roneentration  of  0.00005  percent  found  by  the  author* 
in  the  prr-ent  pa|ier.  A  ulur  obtained  by  Shan.  Sutherland  and  Wormell  (Phv*.  firr.  74,  078  (1948)) 
ba-ed  >n  ad*or|ition  data  from  *olar  spectra  i*  slightly  in  excess  of  that  obtained  by  Slobod  and  Krogh. 

Sinee  the  nitrou*  oxide  Ha*  actually  isolated  from  protind  *atn|de*  nf  air  *uppe*t»  that  it  i*  not  present 
merely  a*  a  thin  layer  in  the  up|ier  atnio*pherr  but  i»  di*tributed  tliroiiphout  tile  atmosphere. 


w  oh  MM  I .  T.  "Nitrou*  Oxide  in  the  Karth'*  Atmosphere."  On/cn.  Prot.  Roy.  \f<-trorol.  Soe.  ( Iamdon), 

p.  50  1 1  o5o  i. 

In  the  di*eu**ion  ultieh  folloued  the  *y ni|*>*ium  on  Radiation  and  it*  Effect  on  the  Tro|*»*pliere  and 
l  oner  Stralo-pherr,  \A  ortncll  allude*  to  Adel**  pioneer  work  in  the  infrared  *olar  spectrum  in  establishing 
*tronp  ex  idenee  for  the  existence  of  nitrou*  oxide  in  the  earth**  atmosphere.  An  inve*tipation  at  Cambndpe, 
I  upland  by  Hiaw.  Sutlierland  and  AVorinell  (reported  in  Phvs.  Rev.  74.  078  (1948))  showed  that  it  wa* 
inijHH-'ilde  Horkinp  near  *ea  level  to  ot>*erxe  either  of  the  band*  at  7.8  *  and  8.6  a  found  by  Adel. 

The  band  at  7.8 u  na*  lo*t  bv  the  water  band  eentered  at  6.8  *,  nhile  the  8.6  a  band  (a  weak  band)  wa* 
roneealed  by  other  structure*  in  tlie  spectrum.  However.  u*inp  a  pri*m  of  lithium  duoride  Shaw.  Sutherland 
and  Aormell  Here  abie  to  identify  three  shorter  Havelenpth  band*  in  the  *olar  *|>eetriim  at  3.9  m,  4.06  a 
and  1.50  u  attributed  a*  ln*inp  due  to  n.trou*  oxide.  Tin*  e*tabli*hed  that  nitrmi*  ovule  i*  a  wide*pread  and 
normal  ron-tilurnt  of  the  atmo-phere.  The  total  amount  of  nitrou*  oxide  in  the  atmosphere  i*  of  the  name 
order  a*  the  total  anumnt  of  ozone. 

A  report  under  the  au*piee*  of  the  Admiralty  Atmo*pherir  Tran*mi**ion  in  the  1-14  mieron  re  pi  on 
i  A.  II.  1..  R.  1  e  600  1*149  i  indicated  that  radiation  which  traver*ed  a  horizontal  path  of  two  mile*  near 
*ea  level  *howed  the  nitrou*  oxide  ban  1*  at  3.9  p  and  4.5  a  with  considerable  inten*ity.  This  observation 
confirmed  Adel**  eonelii*ion  from  the  e*timate  of  mean  temperature  that  mu*t  of  the  NjO.  unlike  ozone, 
‘•reiir*  in  the  lowc-t  layer*  of  the  atmo*phere. 


1951 

xtiF.t.  vKTin  H.  ''Atmospheric  Nitron*  Oxide  and  the  Nitropen  Oycle.’*  Science  113,  624  (1931’. 

A  brief  review  of  Adel**  discovery  of  nitrou*  oxide  in  the  earth’*  atmosphere  i*  pivrn.  'i  he  amount  of 
nitrou*  oxide  present  i*  comparable  with  that  of  atmospheric  ozone,  about  3  mm  N.  T.  P.  Reference  le 
mailc  to  the  discoverv  of  kriepel  (19441  that  nitrou*  oxide  i*  one  of  the  mint  abundant  constituent*  of  noil 
air.  .md  to  Adel’*  suggestion  (1916;  that  escaping  soil  air  mipht  well  lie  the  principal  source  of  atmospheric 
nitrou*  oxide. 

The  porpo-c  ol  the  pre-ent  note  is  to  summarize  the  several  lines  of  evidence  to  support  the  early 
hv|*itlie«is  of  the  oripin  of  nitron*  oxide,  that  its  layer  i*  "adjacent"  to  the  earth’s  surface,  and  that  atmos¬ 
phere  nitron-  oxide  is  an  important  phase  in  the  nitrogen. 
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(a)  Th«*  effective  radiation  irmperaturc  of  atmospheric  nitrou*  miilr  i»  about  10°C.  Thi*  in  deduced 
from  oh-erv ,tlion»  of  tin*  atmo-ph-re's  infrared  emission  spectrum. 

(b)  A  Hriti-li  Admiralty  group  found  from  infrared  atmospheric  transmission  that  large  ronrentration* 
of  nitron*  oxide  were  present  in  air  path*  parallel  and  clone  to  the  surface  of  the  land  and  *ea. 

(«*)  Solar  *|>eetra  recorded  alwiard  high-flying  aircraft  revealed  a  greatly  diminiidied  absorption  by 
nitron*  oxide  in  the  7.8  m  region. 

(d)  A  recent  ma»*  sjiectrographir  analysis  by  SIoImmI  and  Kroph  (J.  Am.  Chem.  Soc.  72,  1175  (1950) 
■domed  that  the  concentration  of  nitron*  oxide  in  the  atmosphere  near  ground  level  i*  about  5  X  10"‘ 
percent  by  volume. 

Adel  .conclude*  that  it  apjiear*  very  likelv  that  nitron*  oxide  escape*  from  the  *oi!  into  the  atmosphere, 
and  that  thi*  e*ce|>e  eon*titute*  an  im|>ortant  pha*e  of  the  nitrogen  cycle.  It  i*  pointed  out  for  the  first 
time  by  Adel  how  nitrogen  captured  from  the  atmo*phere  and  lixed  in  the  noil*  oi  the  earth  i*  ultimately 
returned  to  the  atmo*pherr  at  the  rnd  of  the  nitrogen  cycle. 

fa)  .Nitron*  oxide  appear*  in  the  *oil  a*  a  decomposition  product  of  the  lixed  nitrogen  compound*. 

(b)  The  nitrou*  oxide  diffuse*  into  the  atmo*phere. 

(c)  Nitrou*  oxide  in  the  upper  atmo*phere  i*  decomposed  photochemically  by  X  <  2000  A  into  Nt, 
Oj  and  NO.  At  the*e  high  atmospheric  level*  NO  i*  al*o  decomposed  photochemically  into  nitrogen  and 
oxygen  by  X  <  2000  A. 

(d)  It  i*  concluded  that  presumably  the  nitrou*  oxide  accumulate*  above  the  earth'*  surface  until  the 
rate*  of  accumulation  and  decomjxoition  are  equal. 


ADM..  ARTHl  R.  “Concerning  the  Vertical  Distribution  and  Origin  of  Atmospheric  Nitrou*  Oxide."  Astran.  J. 
56.33(1951). 

Thi*  brief  note  i*  an  abstract  of  a  paper  presented  by  the  author  at  the  Eighty-fourth  Meeting  of  the 
American  Astronomical  Society.  Haverford.  Pennsylvania  27-30  December  1950. 

Thi*  pafier  i*  identical  to  Adel's  note  on  Atmospheric  Nitrou*  Oxide  and  the  Nitrogen  Cycle  published 
in  Scirtuv  113,  621  (1951).  The  abstract  i*  given  in  full  under  the  latter  reference. 


ADM..  VRTIII  R,  “Rotational  Structure  in  the  R  Branch  of  the  Atmospheric  Nitrou*  Oxide  Band  at  8.6  m.” 

Astrophx*.  J.  113.222  (1951). 

"  In  thi*  note  to  the  Astrophx\icnl  Journal.  Adel  call-  attention  to  a  recent  discussion  by’Migeotte 
( Astrophy* .  J.  112.  136  (1950i)of  the  line  structure  in  the  R  Branch  of  the  very  weak  nitrou*  oxide  band 
at  8.6  m  in  the  atmo-pheric  -je-ctmm. 

Migcotte  a*  well  a*  Sutherland  and  Callendar  (Reports  Pro".  Phys.  9.  18  (1913))  mistakenly  assert  that 
the  faint  line  structure  of  thi»  weak  and  minor  band  is  completely  absent  from  Adel's  grating  map  of  the  infra¬ 
red  solar  -jH-ctrum  published  in  A*trophx*iml  Journal  91.  151  (1911). 

Vilel  point-  out  that  figure  28  of  the  map  unmi*takenly  reveals  ten  line*  in  the  R  Branch  of  the  weak 
8.6  m  band.  Tbr-c  line-  arc  listed  in  Table  1  of  the  pre-ent  paper  by  Adel. 
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Callomon,  H.  j..  i>.  C.,  a >n  Thompson,  ii.  w„  "Intensities  iif  Vibration  Hand*.  III.  Nitrous  Oxide,” 

Proc.  Roy  .  >«r..  ( London  I  A  208,  332  (1031). 

In  this  paper  the  laboratory  result*  are  given  for  the  measurement  of  the  absolute  intensity  of  the 
vibration  absorption  band  of  nitrous  oxide  at  4.5  p.  The  experimental  method  is  described.  There  is  a 
discussion  of  tlx  results  obtained,  the  correlation  of  intensity  witli  polar  intensities,  and  pressure-broadening 
relationship*. 

CEBBIE.  H.  a.,  E  adding,- w.  R.,  lltt.si  M,  c..  PRYCE,  A.  W.,  AND  ROBERTS,  V.,  "Atmospheric  Transmission  in 
the  1  to  14  *1  llegion."  Proc.  Roy.  Sor.  (London)  A  206,  87  (1951). 

The  authori  describe  their  observations  and  results  on  the  transmission  of  the  atmosphere  for  radiation 
of  wavelengths  n  the  spectral  region  1  n  to  14  a-  These  measurements  were  made  at  sea  level.  Absorption 
bands  due  to  water  vapor,  carbon  dioxide  and  the  minor  constituents  of  the  atmosphere,  NjO  and  11DO 
were  observed. 

The  apparatus  used  is  described  in  detail  as  well  as  the  experimental  procedure  and  interpretation  of 
record*.  The  elevation  was  over  paths  up  to  2.5  miles  (4  km). 

The  NjO  band  at  4.5  m  was  observed.  This  corresponded  with  the  fundamental  »j  of  nitrous  oxide. 
Absorption  at  7.7  n  and  7.9  p  in  the  spectrogram*  obtained  by  these  investigators  coincided  with  nitrous 
oxiJe  bands.  Ii:  is  pointed  out  that  these  experiments  show  that  nitrous  oxide  is  present  at  sea  level. 

GOLDBERG,  LEO.  i"The  Analysis  of  the  Solar  and  Terrestrial  Atmospheres,”  Proc.  Am.  Acad.  Arts  and  Sci.  79, 
238  (1951).! 

High-resolution  studies  of  the  infrared  solar  spectrum  until  a  few  years  ago  was  limited  to  about  14.000  A. 
At  this  rrgion  of  wavelength  the  sensitivity  of  the  photographic  plate  becomes  efferti'  ;ly  zero.  The  develop¬ 
ment  of  the  lead  sulfide  photocell  has  made  it  possible  to  extend  high  resolution  studies  of  the  spectrum 
to  about  36.000 ! A. 


There  are  several  reasons  why  spectroscopic  studies  of  the  solar  and  terrestrial  atmospheres  are  impor¬ 
tant.  Analysis  bf  the  intensities  of  lines  provide  important  information  of  the  earth’s  atmosphere.  Among 
the  constituents|studied  in  this  manner  are  C(  h,  CH«.  NjO  and  HjO  vapor.  Such  data  as  the  abundance,  the 
vertical  distribution  and  the  temperature  gradient  may  be  obtained.  The  abundance  and  vertical  dis¬ 
tribution  may  bb  determined  with  quite  go’s!  accuracy. 

The  total  quantity  of  methane  in  the  earth’s  atmosphere  has  been  estimated  to  be  equivalent  to  that 
which  would  lie  contained  in  a  layer1 1.2  cm  thick  at  N.  T.  P.  The  abundance  of  NjO  is  about  4  atmo-mm. 
The  distribution  of  methane  in  the  earth's  atmosphere  appears  to  be  world-wide  in  character.  It  has  been 
observed  at  an  Altitude  of  6000  feet  at  Mount  W  ilson  t  ibservatory.  Its  density  falls  off  experimentally  with 
height  following  the  same  rate  as  the  main  body  of  the  atmosphere. 

The  author  states  that  determinations  of  abundance  anil  vertical  distribution  would  provide  informa¬ 
tion  both  on  the  oricin  of  the  rare  constituents  of  the  atmosphere  such  as  CII,  and  NjO  and  also  on  the 
temperature  balance  of  the  atmosphere. 

Ultraviolet  -adiation  from  the  sun  i*  absorbed  by  ozone  in  the  earth’s  atmosphere  and  infrared  radiation 
from  the  surface1  of  the  earth  by  ozone,  water  vapor  and  carlxm  dioxide.  Also  the  atmosphere  loses  energy 
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by  infrared  emission  of  ozone,  water  vapor  and  carbon  dioxide.  If  the  abundance  ami  vertical  distribution 
along  with  the  absorption  coefficients  these  data  should  make  it  possible  to  calculate  the  atmospheric 
temperature  gradient. 

COODV,  It.  M.,  and  Robinson,  c.  D.,  "Radiation  in  the  Troposphere  and  Lower  Stratosphere,”  Quart.  J.  Roy. 
Mtieorvi.  Soc.  77,  151  (1951). 

In  this  excellent  review  of  modern  meteorology  the  authors  state  by  way  of  introduction  that  it  is  only 
through  the  absorption  of  solar  radiation  and  the  emission  to  space  of  low-temperalure  terrestrial  radiation 
from  the  earth  and  atmosphere  that  our  planet  can  receive  and  lose  energy.  These  two  radiative  processes 
are  the  source  and  sink  of  the  terrestrial  heat  energy  which  is  our  atmosphere. 

The  principal  gaseous  constituents  of  the  atmosphere  arc  transparent  to  their  radiation.  The  minor 
constituents  as  HjO-vapor,  C()j,  ()j,  \jO,  etc.  have  intense  and  complex  absorption  spectra.  The  absorption 
bands  of  these  constituents  in  the  solar  spectrum  have  been  most  widely  employed  to  detect  and  measure 
their  distribution. 

The  integrated  absorption  is  defined  by  the  following  relationship: 

Ar(m)  —  fr  A,(m)dv  =  integrated  absorption  (1) 

where  the  integral  embraces  the  rth  absorption  band.  In  this  equation  m  is  the  amount  of  absorbing  matter, 
where  p  is  the  density  and 

m  =  fpdz  (2) 

*  *®  height  above  the  earth  s  surface,  a  in  (1)  is  the  frequency.  If  the  quantity  of  absorbing  mate¬ 
rial  is  very  small,  the  authors  give  the  following  expression 

Ar  —  mfr  kvdv  (3) 

in  which  kr  is  the  absorption  coefficient.  Goody  and  Wormed  (Proc.  Roy.  Soc.  (London)  A  209,  178  (1951)) 
have  shown  that  using  the  7.8  p  and  8.6  p  bands  of  nitrous  oxide  that  one  ran  make  a  fairly  precise  deter¬ 
mination.  As  a  result  it  is  possible  to  obtain  information  upon  intensities  required  in  atmospheric  problems. 

Equation  (3)  predicts  that  for  small  absorptions  the  integrated  absorption  varies  linearly  with  the 
amount  of  absorbing  material,  and  the  slope  in  the  band  intensity. 


goody,  R.  M.,  and  wormell,  T.  w.,  *The  Quantitative  Determination  of  Atmospheric  Gases  by  Infrared 
Spectroscopic  Methods.  I.  Laboratory  Determination  of  the  Absorption  of  the  7.8  p  and  8.6  p  Bands 
of  Nitrous  Oxide  with  Dry  -Air  as  a  Foreign  Gas,”  Proc.  Roy.  Soc.  (London)  A  209,  178  (1951). 

The  authors  state  that  the  aim  of  the  present  investigation  was  (1)  to  obtain  information  which  would 
permit  quantitative  interpretation  of  nitrous  oxide  bands  in  solar  spectra  recorded  at  different  levels  in  the 
atmosphere,  (2)  to  be  able  to  calculate  the  contribution  of  nitrous  oxide  to  the  thermal  balance  of  the  atmos¬ 
phere,  and  (3)  to  test  a  technique  which  would  be  applicable  to  other  atmospheric  gases. 

The  investigation  was  carried  out  on  the  7.8  p  band.  Information  was  also  obtained  on  the  8.6  p  band. 
The  experimental  method  and  instrumentation  are  given  as  well  as  the  source  of  error.  The  measurements 
were  quite  complete,  and  the  results  are  fully  discussed. 
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The  conclusion  in  that  the  method  described  in  the  present  investigation  can  be  applied  to  obtain  all 
the  information  about  the  7.8  and  8.6  y  bands  of  nitrous  oxide  which  in  required  for  quantitative  identified- 
tioh  of  telluric  spectra.  Thin  includes  line  intennitien,  the  nature  of  line-broadening  mechanisms,  and  the 
consequent  line  sha[>e,  the  line  widths  and  the  effect  of  temperature  and  pressure  upon  them. 

HKKZBKHG,  G..  "The  Atmospheres  of  the  Planets,”  J.  Roy.  Matron.  Soc.  (Canada)  45,  100  (1951). 

In  thin  paper  w  hich  wan  read  at  the  Symposium  on  "Atmospheres  of  the  Stars  and  Planets”  held  by  the 
Royal  Society  of  Canada  at  Kingston  June  1950.  Herzberg  gave  a  review  of  the  present  status  of  spectro¬ 
scopic  investigations  of  the  earth  and  the  terrestrial  planets.  Reference  is  made  to  the  discovery  of  the 
presence  of  .\,()  in  the  atmosphere  of  the  earth  by  Adel  ( Matrophya .  J.  90,  627  (1939);  ibid.  9.3,  509  (1941); 
and  ibid.  94,  451  (1941  I)  and  by  Shaw,  Sutherland  and  Woimell  ( Phya .  Rev.  74,  978  (1948)). 


Krasovski,  v.  i.,  "On  the  Mechanism  of  the  Illumination  of  the  Night  Sky,”  Dakl.  Aknd.  Nauk .,  SSSR  77 

(No.  3),  395  (1951). 

In  this  pa|H*r  Krasovski  discusses  critically  the  intensities  of  the  OH  lines  given  by  Meinei  ( Matrophya .  J. 
Ill,  555  (1950)).  Reference  is  made  to  the  pa|>er  on  the  Theory  of  the  Spectral  Emission  from  the  OH 
Molecule  in  the  Night  Sky  Spectrum  by  Bates  ami  Nieolet  ( Compt .  rend.  230.  1943  (1950)).  These  investi¬ 
gators  assumed  a  primary  photo-dissociation  of  11*0  at  altitudes  up  to  70  km  by  solar  radiation.  They 
developed  a  theory  to  explain  the  OH  emission  from  the  night  sky. 

According  to  the  theory  of  Bates  and  Nieolet  the  origin  of  the  emission  is  from  a  layer  at  about  80  km, 
in  which  ll5<»,  Oil.  HO-  and  II  exi-t  together  in  proportions  determined  by  the  height-concentrations  of 
O  and  Oj.  Three  possible  processes  are  given. 


II  +  O  +  M  —  OH*  +  M 
11  +  O  —  OH*  r  he 
H  +  O,  —  OH*  -h  O, 


Between  60-80  km  reaction  (3)  is  considered  to  predominate.  Fpr  an  emitting  layer  of  10  km  thickness  at 
80  km,  the  theory  predicts  an  excitation  level  of  5  X  1010  quanta  cm‘!  sec-’. 

Krasovski  states  that  the  above  theory  of  Bates  and  NicolH.  i.e.  the  hydrogen-oxygen  mechanism  for 
excitation  of  OH  is  not  in  accord  with  the  results  of  Rodionov  ( fax  Akad.  .Xauk .,  SSSR,  Ser.  Fis.  14  (No. 
3),  247  (1950)).  Another  hypothesis  is  proposed  in  the  present  paper. 


It  is  assumed  that  N*0  is  formed  in  large  amounts  as  a  result  of  a  three  body  collision  in  the  layer  where 
dissociated  oxygen  exists.  By  diffusion  the  NjO  is  vertically  displaced  to  higher  levels.  The  NjO  then  reacts 
with  atomic  oxygen.  The  excited  O*  molecules  thus  produced  react  with  hydrogen  atoms  to  give  excited 
Oil  molecules. 


N,  +  0  —  NjO 

(4) 

NjO  +  O  —  N,  +  Oj* 

(5) 

0,*  +  II  —  OH*  +  O 

(6) 
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Erasov.ski,  v.  I.,  and  LUKAshenya,  v.  T.,  "Identification  of  the  Night  Sky  Sjiectrum  in  the  10,000  A  Region,” 
Dokl.  Akad.  Sauk.,  SSSR  80,  735-738  (1031). 

The  author*  in  this  paper  discuss  the  night  sky  spectrum  in  the  region  of  the  9700-10,300  A  band*.  A 
spectrograph  having  a  dispersion  of  about  173  A  mm  ami  a  revolving  |>ower  to  3  A  was  lined  in  thin  ntuily. 

Band*  in  thin  spectral  region  previously  considered  to  he  due  to  Oil  may  be  due  to  N  il.  The  primary 
excitation  in  thought  to  be  due  to  ternary  eollinionn  giving  rine  to  the  formation  of  excited  molecule*  of 
0|,  NO,  Nj,  Oj,  and  N'jO. 

MURRAY,  R.  B.,  "The  Near  Infrared  Spectrum  of  Nitroun  Oxide  with  Long  Abnorbing  Paths,”  Phys.  Rev.  83, 
486  (1951). 

Thin  in  an  abatract  of  a  paper  read  before  the  Seventeenth  Annual  Meeting  of  the  Southenntern  Section 
of  the  American  Physical  Society  held  at  the  University  of  Chattanooga  5-7  April  1951. 

A  22-meter  multiple  reflection  absorption  ceil  wan  employed.  The  infrared  spectrum  of  nitrous  oxide 
wan  observed  with  a  prism  spectrometer  from  1.25  to  2.5  m  with  a  maximum  path  length  of  554  atrao-metern. 

shaw,  i.  h.,  chapman,  R.  M..  hoiuhd,  j.  n..  AND  oxtioLM,  M.  L.,  "A  Crating  Map  of  the  Solar  Spectrum  from 
3.0  to  5.2  Microns,"  Astrophya.  J.  113,  268  (1951). 

This  in  a  study  of  the  infrared  solar  spectrum  from  3.0  u  to  5.2  u  obtained  at  the  Ohio  State  University 
with  a  high-resolution  Pfund-type  grating  spectrometer. 

Among  the  bands  and  lines  identified  are  the  following:  N’jO,  HDD,  COj,  CO,  Cl  I,  and  N'jO.  With  respect 
to  the  existence  of  nitrous  oxide  in  the  atmosphere  the  authors  include  a  brief  summary  of  the  discovery 
and  evidence  for  the  existence  of  atmospheric  nitrous  oxide. 

Values  from  0.5  to  1.0  p.p.m.  in  the  atmosphere  have  been  suggested  by  various  writers  for  the  abun¬ 
dance  of  atmospheric  nitrous  oxide  from  comparison  with  laboratory  spectra. 

Three  bantls  of  N’jO  are  shown  in  the  grating  map  in  the  present  paper,  (a)  The  fundamental  v3  at 
4.5  Hi  (b)  the  overtone  2  »i  at  3.9  *i»  and  (c)  the  weak  combination  band  at  4.06  *i. 

Taylor,  j.  H.,  "Two  New  Absorption  Bands  of  N’jO,”  J.  Chem.  Phya.  19,  1314  (1951). 

This  is  a  report  on  the  observation  of  the  0  1  0  — *  1  0  0  and  0  2  0  — *  1  10  bands  of  the  nitrous  oxide 
mciecule. 

A  Perkin-FImer  Model  12-C  infrared  spectrometer  was  employed  with  a  one-meter  absorption  cell 
filled  to  one  atmosphere  pressure. 

Thompson,  H.  w„  and  williams.  R.  L-  “Vibration-Rotation  Bands  of  Nitrous  Oxide,”  Proc.  Roy.  Soc. 
(London)  A  208,  326  (1931). 

The  infrared  absorption  of  nitrous  oxide  gas  was  studied  near  1.5  This  was  a  laboratory  study.  The 
4.3  h  band  was  measured  using  a  lead  telluride  detector  in  a  grating  spectrometer. 

One  reason  for  studying  this  hand  is  it-  importance  in  the  determination  of  nitrous  oxide  in  the  upper 
atmosphere  in  which  measurements  on  the  intensity  are  needed.  The  investigators  were  able  to  determine 
the  wavelength  of  the  ab-orption  lines.  The  results  of  their  experiments  are  given  and  discussed. 
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1952 

Mini.,  4HTIU  h.  "Th«*  Atmo-pheric  Window.  16  to  21  Microns,  and  tin*  Second  Furnlaitu'ntal  of  Nitron* 

Oxide,"  #Vivt.  Ret.  Hit,  1211  1 1952 1. 

!ii  thi-  jiajier  Adel  report-  hi-  further  inve. ligation  of  the  atmo-pheric  window,  16  to  21  mieron*.  The 
window  i*  defined  by  complete  ah-orption  |»y  earhon  dioxide  on  the  short  wavelength  side  and  by  complete 
absorption  hv  water  vajsir  on  the  long  wavelength  side.  The  author  state*  that  virtually  nothing  new  of 
imjiortancr  has  lieen  found  alHH.t  this  region  of  the  atinnsjiheric  sjicctrum.  ft  ha*  been  found  that  the 
amount  of  solar  radiation  reaching  the  earth's  surface  in  this  *|icctrum  region  increases  sharply  with  diminish¬ 
ing  amount  of  preeipitahle  water  vajmr  content  of  the  atmosphere.  The  transparency  ha*  been  estimated 
a*  exceeding  about  ten  percent  in  the  16-22  m  on  the  driest  day*. 

This  sjiectral  region  (16  22  a)  is  subject  to  daily  anil  seasonal  change  which  i*  related  to  the  incessant 
fluctuation  of  water  va|Hir  content.  A  further  investigation  of  this  sjiectral  interval  ha*  indicated  the 
presence  of  the  second  fundamental  of  nitrous  oxide  with  center  at  IT  it. 

In  figure  1  in  the  pajicr  the  infrared  solar-telluric  sjiectrutn  is  shown.  The  P,  Q  and  R  branches  of  the 
atmosjiheric  1?  a  nitrous  oxide  band  is  clearly  indicated.  This  was  obtained  through  one  millimeter  of 
precipitate  water.  With  this  discovery  all  three  fundamentals  of  nitrous  oxide  have  now  been  identified 
in  the  telluric  sjiertrum:  S|  at  7.8  u.  at  17.0  m  and  i»,  at  1.5m-  Reference  i*  made  to  the  confirmation  of  the 
existence  of  the  new  window  by  Migeotte  and  Levin  (Axtrnphvs.  J.  115,  826  (1952)),  and  by  Anthony 
(JWv.i.  Rev.  85,  67-1  (1952)). 

avthony,  R.,  "Atmospheric  Absorption  of  Solar  Infrared  Radiation,"  Phvx.  Rev.  85,  671  (1952). 

In  this  letter  to  the  editor  the  author  rejiorts  his  results  of  some  measurements  of  solar  radiation  taken 
with  a  KHr  double  monochromator  in  the  infrared  sjiectral  region  1.5  to  20  microns.  From  the  data  collected 
absorjition  coefficients  for  the  continuous  spectrum  in  the  8  to  20  sjiectral  interval  were  evaluated. 

With  reference  to  the  window  in  the  region  17-20  microns  found  by  Adel  (Axtrnphv*.  J.  96,  259  (1912)) 
Anthony  was  able  to  confirm  this.  This  sjiertral  region  is  highly  sensitive  to  water  vajsir  content  as  found 
by  Fowle  ( Axtrophys .  J.  42,  391  (19’  ->)). 

BATES,  D.  R.,  "Some  Reactions  Occurring  in  the  Earth's  I’pjier  Atmosphere,"  Ann.  Geophy.%.  8,  194  (1952). 

This  is  a  communication  presented  at  the  Assembly  of  the  International  Union  of  Geodesy  and  Geo¬ 
physics,  Brussels  (19511.  Reference  is  made  to  the  infrared  researches  of  Adel  and  other  workers  who  found 
that  nitrous  oxide  is  an  imjxirtant  atmospheric  constituent  and  its  molecular  abundance  is  about  2  X  Iff1*  'cm2 
column.  . . . . . . . ... _ ; _ 

Bates  and  Withersjwion  (1952)  employing  absorption  cross  sections  derived  from  several  laboratory 
investigations  of  different  group*  of  investigators  have  calculated  the  rate  of  photodissociation  by 

NjO  +  h,  -»  N,  +  O  (1) 

which  begins  at  about  X  3070  A,  and  the  reaction 


that  begins  at  X  2100  A. 


NtO  +  hv  —  NO  +  N 


(2) 


Two  level*  of  nitron*  oxide  were  considered  (a)  ground  level,  and  (hi  the  70  km  level,  and  assuming  that 
all  the  nitrou*  oxide  is  contained  in  a  10. km  layer  at  one  or  the  other  of  these  levels.  The  calculation*  show 
that  if  the  layer  were  at  ground  level  the  number  of  Nj( )  molecule*  destroyed  by  photodissociation  woidd 
be  gome  5  X  10*  cm1  sec.  At  the  70-km  level  the  number  would  be  some  3  X  107  cm1  sec. 

These  large  destruction  rates  suggest  that  many  of  the  ..ourees  of  nitrous  oxide  heretofore  advocated 

can  be  dismissed  since  the  parent  particles  involved  are  not  produced  sufficiently  rapidly.  Hates  and  Wither¬ 
spoon  (1952)  have  shown  that  the  only  plausible  parent  particles  are  the  ()  atoms  and  Oj  molecule*  in  the 
lower  atmosphere  by  which  equilibrium  is  preser  ed  by  the  following  reactions.^,  , 

O  +  Oj  +  M  -*  Oj  +  M  (3) 

O,  +  hv  —  O,  +  0  (4) 

The  author  states  that  though  photodissociation  in  the  Herzberg  continuum  may  proceed  slowly  in  the 
troposphere,  mixing  and  replenishment  by  reaction  '1 )  might  insure  an  ample  supply  of  both  <)  and  Oj. 

Nitrous  oxide  might  result  from  the  following  reactions. 

O  +  Nj  +  M  -+  NjO  +  M  (5) 

O,  +  N,  —  NjO  +0,  (6) 

It  is  remarked  that  if  one  of  these  reactions  were  indeed  the  source  that  nitrous  oxide  would  be  prevalent 
in  the  troposphere  as  demanded  by  the  determinations  of  Slobod  and  Krogh  (1950). 

With  reference  to  Adel's  (1951)  suggestion  that  the  action  of  soil  microorganisms  is  responsible  for 
atmospheric  nitrous  oxide,  Bates  refers  to  Hutchinson  (Am.  Sci.  32,  178  (1944)).  Calculations  indicate  that 
Adel’s  hypothesis  requires  that  nitrous  oxide  be  a  major  end-product  of  denitrification.  In  the  present  paper 
Bates  also  has  examined  the  hypothesis  proposed  by  Krasovski  (Dnkl.  .4 bid.  .Xauk.  77,  395  (1951))  that 
nitrous  oxide  is  involved  in  the  excitation  of  the  Meinel  hydroxyl  bands  in  the  excitation  of  the  night  airglow 
by  the  following  reactions. 

N*  +  O  +  M  -*  NjO  +  M  (7) 

N,0  +  O  —  N,  +  (V  (8)* 

Oj*  +  H  — *  O  +  OH  (X:n,  r  $  9)  (9) 

These  reactions  are  considered  to  be  unacceptable.  Observations  indicate  that  the  OH  bands  have  an 
intensity  corresponding  to  a  photon  emission  of  about  103  cm3  sec,  and  that  they  originate  from  a  layer  of 
altitude  about  70  km.  The  concentration  of  NjO  at  the  70-km  level  is  considered  to  be  quite  small  by  Bates, 
and  at  this  level  photodissociation  is  rapid. 

The  process  suggested  by  Henrique,  Duncan  and  Noyes  ( J .  Chem.  Phys.  6,  518  (1938)) 


O,  +  H  —  O,  +  OH  (X:n,  e  ^  9) 


still  seems  attractive. 


BATES,  n.  R-,  AND  WITHERSPOON.  Agnes  E..  "The  Photochemistry  of  Some  Minor  Constituents  of  the  Farth's 
Atmosphere,”  (CO-,  CO,  ClI,.  N-O),  Mon.  \ot.  Roy.  A.stron.  Sor.  112,  101  (1952). 

In  the  following  Table  are  rompiled  the  current  estimates  of  the  particle  concentrations,  and 

temperatures,  T,  at  various  altitudes,  z,  up  to  130  kilometers. 


i 
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Structure  of  the  Atmoaphrre 

Altitude  *  (km) 

Particle  (Parent ration 
n(.W)  rm  “* 

Temperature  T 
■leg.  K 

130 

1.2  X  10“ 

450 

120 

2.7  X  10“ 

360 

110 

7.4  X  10“ 

305 

100 

2.3  X  10“ 

270 

00 

8.7  X  10“ 

245 

80 

3.0  X  10“ 

215 

70 

2.5  X  10“ 

190 

60 

8.2  X  10“ 

275 

50 

2.3  X  10“ 

290 

40 

6.8  X  10“ 

250 

30 

3.0  X  10“ 

225 

20 

2.0  X.  10“ 

220 

10 

8.8  X  10“ 

220 

0 

2.6  X  10“ 

285 

Reference  is  made  to  the  first  discovery  of  the  presence  of  nitrous  oxide  in  the  atmosphere  by  Adel 
(1938.  I’).!1),  1041)  from  his  observations  on  the  7.6  n  region  of  the  solar  spectrum.  Confirmatory  evidence 
was  afterwards  obtained  by  other,  investigators  working  in  the  infrared.  The  abundance  of  nitrous  oxide 
in  the  atmosphere  has  been  estimated  to  be  0.8  atmo-cm  or  2  X  10“  molecules  cm!  column.  With  reference 
to  the  location  the  authors  state  that  this  has  not  been  properly  determined.  If  the  nitrous  oxide  were  mainly 
'confined  to  a  layer  10  km  thick  (the  approximate  scale  height  in  the  lower  3nd  middle  atmosphere),  the 
authors  state  that  the  mean  concentration  would  be  about  2  X  10“ 'cm*.  The  total  particle  concentration 
at  an  altitude  of  70  km  is  only  2.5  X  1015.  Therefore  it  would  seem  most  unlikely  that  the  nitrous  oxide 
could  be  so  high. 

VI  ith  reference  to  absorption  of  nitrous  oxide  it  is  stated  that  the  long  wavelengths  limits  of  the  con- 
tinua  are  not  well  defined.  However,  it  appears  that  a  very  weak  absorption  begins  at  X  3070,  and  the  main 
absorption  liegins  at  about  X  2400.  The  products  of  dissociation  are  not  definitely  known.  In  the  low- 
energy  region  the  following  process  most  likely  occurs. 

NjO  +  hv  —  N,  +  O  (3P  or  >D)  (1) 

In  the  region  of  high-energy  there  is  considerable  evidence  for  the  following  reaction. 

NjO  +  h»  -*  NO  +  N  (*S)  (2) 

The  authors  state  that  it  is  by  no  means  obvious  that  there  is  any  upper  atmospheric  reaction  capable 
of  yielding  nitrous  oxide  necessary  to  maintain  the  observed  abundance.  The  question  as  to  whether  the 
nitrous  oxide  could  originate  on,  or  near,  the  earth's  surface  is  considered.  The  following  processes  are 
considered  ami  thoroughly  discussed. 

(1)  Formation  of  nitrous  oxide  by  soil  microorganisms. 

(2)  Homogeneous  gas  reactions. 

(a)  Bamford  suggested  the  formation  of  \j()  from  O"1"  ions  in  some  unspecified  way. 

(b'  (Niroleti  O”  +  Nj  — *  NV)  +  e~  (3) 


Both  (a.)  and  (b;  are  unacceptable  for  the  rate  of  production  of  neither  ion  even  approaches  the  necessary 
value. 
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(c)  Mctastable  nitrogen  molecules. 

'  (A*  O  +  O  +  M  -  NjO  +  M  (4) 

N*  (A*  r„+)  +  (),  —  NjO  +0,  (5) 

i\,  (A*  Zu+)  +  O,  -  NjO  +  (J  (6) 

(d)  Metastable  oxygen  molecules,  Oi  (a'As  or  b'  A(+) 

ft  +  N.  -»  NjO  +  O  (7) 

(e)  HO,  +  N,  -*  N,0  +  011  (8) 


The  authors  conclude  that  the  main  processes  outlined  above  all  fail,  because  the  supply  of  the  parent 
particles  is  inadequate  to  balance  the  loss  that  Mould  be  incurred  in  producing  the  nitrous  oxide  at  a»  great 
a  rate  as  it  is  being  dest  oyed. 

In  the  first  part  of  the  present  paper  th.  ’itude  distribution  of  the  rate  of  photodissociation  of  molecular 
oxygen  was  calculated.  It  is  shown  to  be  characterized  by  two  maxima  one  due  to  the  Schumann-Runge 
continuum  beginning  at  X  1759,  and  the  other  due  to  the  Ilerzberg  continuum  beginning  at  X  2421.  The 
altitudes  are  approximately  100  km  and  30  kra  respectively. 

Oj  +  As  — *  O  (JP)  +  O  (’D)  Schumann-Runge  (9) 

Oj  +  hu  — *  2  O  (SP)  Herzberg  (10) 

The  yield  of  oxygen  atoms  in  (9)  is  about  1  X  lO'/cmVsec;  that  in  (10)  about  5  X  107/cmV«ec. 

The  region  near  30  km  is  discussed.  Here  the  atomic  oxygen  initially  formed  reacts  rapidly  to  give 
ozone. 

O  +  Oj  +  M  — *  Oj  +  M  (11) 

The  ozone  thus  formed  by  photodissociation  rapidly  reliberates  atomic  oxygen. 

Oj  +  As  — •  Oj  +  O  (‘D)  (12) 


As  a  result  the  supply  of  either  atomic  oxygen  or  ozone  is  sufficient  to  meet  the  nitrous  oxide  requirement. 

O  +  Nj  +  M  -  N ,0  +  M  (13) 

O,  +  K,  -  N,0  +  O,  (14) 


Processes  (13)  and 
evidences,  energies, 
requirements. 

Schumann-Runge  coMtinuura 


Herzberg  continuum 


4)  are  discussed  in  detail  with  respect  to  requirements,  rate  coefficients,  laboratory 
ud  temperature.  The  argument  seems  to  favor  process  (14)  as  most  likely  to  meet  all 


Oj  +  hr 
Oj  +  hv  ■ 


»  < 1759  A 


*  «:  2421  A 


•  O  CP)  +  O  CD) 

>  2  0  (»P) 


(15) 

(16) 


In  the  presence  of  a  third  body  the  atoms  thus  liberated  may  recombine. 


0  +  O  +  M  — *  Oi  +  M 


(17) 


or  they  may  unite  with  oxygen  molecules  forming  ozone. 

O  +  O,  +  M  -*  O,  +  M  (18) 

The  ozone  may  be  d  "royed  by  the  collision  process 

0  +  0,-*2  0, 


(19) 
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and  by  photodi*>oriation  in  ihr  strong  Hartley  continuum  beginning  at  almut  X  D.ifltl  A 


Oj  -f  hv - -  O,  +  l>  CD) 


and  in  tin*  weak  Chappoi*  continuum  lieginning  at  about  K000  A. 


Os  +  hr  +  O  (*P) 


Mavfxe.  }.,  "Absorption  Sjiertra  at  Ian*  Temperature.  Stud v  of  NjO  pan,  anil  NO  pan  anil  liquid, ”  Inn. 
Phvn.  (Pari*)  7,  153-305  ( 1052). 

It  was  found  that  at  IR^C  NjO  pa*  had  absorption  poak*  at  X  IH 10  A  and  X  1  150  A.  There  **a*  no  evi¬ 
dence  of  pliotinli**iM'iation  of  nitron*  iniilr  to  nitric*  oxide  for  wavelength*  do**n  to  I.IOO  A. 

MOtATH.  HOBKRT  R.,  "Solar  Ri**i*arrli  at  tin*  McMath-lluIliert  < Ihser vatory,”  Pub.  .Islron.  Sue.  (Parifn*)61, 

.  151  (1052).  •  . . - . - . - . . . . . * . . - . . . . 

In  thi*  general  di*i'u**ion  of  *o!ar  research  the  author  *tati**  that  'terrestrial  carbon  dioxide,  methane 
and  nitron*  oxide  in  the  earth”*  atmosphere  show  remarkable  intensity  variation*  with  changes  in  the  altitude 
of  the  sun. 

Nitrous  oxide  is  almost  absent  in  the  noonday  solar  spectrum  at  wavelength*  short  of  2.5  fi.  However, 
it  become*  easily  visible  as  the  sun  approaches  the  horizon.  Studies  of  the  vertical  distribution  are  not 
com  pie  ted. 

MICEOTTE.  w.  v„  "t>n  the  Presence  of  Atmospheric  Oases  from  Infrared  Telluric  Bands,"  The  Atmospheres 
of  the  Faith  and  Planets,  F Jited  by  Cerald  P.  Kuijier,  The  University  of  Chicago  Press,  Chicago, 
Illinois  ( 1052).  p.  28k 

A  brief  review  of  the  following  atmospheric  gases  is  given:  N-O,  Clio  CO,  111)0.  and  MU.  111111 

reference  to  nitrous  oxide  brief  mention  is  made  of  the  discovery  of  the  presence  of  atmospheric  nitrous  oxide 
by  Adel  in  I'W'I,  Recent  progress  in  infrared  studies  of  the  solar  sjiectrum  has  been  made  at  the  MrMutli- 
Ilulbert  Observatory,  the  Mount  Wilson  ( Ibservatory,  the  ( Hiio  State  University,  Johns  Hopkins  University , 
and  the  International  Scientific  Station  of  Jungfraujoch,  Switzerland. 

The  Jungfraujoch  Observatory  has  been  used  by  M.  V.  Migpotte  in  collaboration  with  Dr.  L.  Nexen 
of  the  Royal  Observatory  of  Uccle.  Belgium.  The  advantages  of  this  station  are:  its  elevation  of  1 1,700  ft. 
(3330  meters',  the  greatly  reduced  11*0  absorption,  and  the  remoteness  from  large  industries. 


Mtr.FOTTF..  .«..  a\d  nFven,  I...  "High-Dispersion  Solar  Spectrograms  between  15  u  and  21  a."  .Ixtrophvx.  ./. 

115,  326  (1052). 

The  author's  report  in  this  brief  note  their  observations  of  the  solar  spectrum  between  15  a  and  21a- 

The  newly  observed  band.  at  17  a  is  attributed  to  nitrous  oxide.  The  prism-grating  spectrograph 
of  the  University  of  Urge  was  used  in  the  ob-ervations.  The  spectrograph  was  e<piip(M*d  with  an  original 
echelette  grating  from  the  Universitv  of  Michigan,  having  1200  lines  jmt  inch.  As  receiver  the  authors  used 
a  Perkin-FImer  thermocouple  which  was  connected  to  a  Leeds  and  N'orthrup  Speedomax  Recorder  through 
a  13-cyc|e  Perkin-FImer  Flectronie  Amplifier. 
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Mit.tnrTl',  vi„  (Mi  mu  n,  i  ..  I’roprra*  in  tin*  ui.aervation  i»f  the  Silar  Infrareil  Sjiertrum  at 

Junplr.iiij'ali  'Shi! - i-rl.itti 1  ■  "  \hm.  Nr.  /(nv.  Si.,  I.iepe.  12,  16.3  (1932). 

t  in'  iilen'iln  atm,.  ii  (In  iollownip  mlr.iriil  ah»orjition  liamla  were  hlentilieil  mi  prating  ajieilrogram*. 
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.1  ,1932  i. 

TIi.'  Silar  S|n'i'truin  frimi  7  n  to  13  a,”  .1  itmph v.v.  J.  116, 


In  tliir,  jiajar  tin'  author*  have  rejairteil  tli.'ir  ri'*ult»  ii|miii  reinve»tjpation  of  the  infrareil  ajiertrtim 
from  7  In  13  m  with  a  hiph-reMihition  pratmp  •jie.'troiiieter.  Ali*orj>tioti  liaml*  of  atino*|>herii'  lli<),  i*,  (),, 
\{tl  ami  (31,  an'  ili».'it»M*il  i  in  1 1  %  iilnall  v .  \n  evteiiMve  table  of  line  freijiieiuiea  ami  line  iileiitilieationa  for 
thin  «jiei  tral  interval  in  the  »olar  »|*Ttrum  i*  imlinleil.  AI*o  a  map  of  the  ajieetrum  i*  shown. 

Itepanlinp  the  alninilari<e  of  attnn*|ilierie  NjO  referrnee  ia  maile  to  the  eatimatea  rejairteil  by  MeMath 
ami  (iolillierp  (l‘nr.  .-fin.  1‘kil.  S*.  1.3,  3(i2  (Ill'll)  who  give  the  value  of  almnt  0.1  atnin-etn.  Tile  authora 
Mate  that  tlna  amount  i»  anflirient  lor  the  fiimlamental  at  7.11  a  to  apfiear  strongly  in  the  aolar  apeetrunt  anil 
the  nw  tune  haml  2  et  at  tl./v  m  to  lie  oh-erveil  a»  a  weak  aliaiir|ition.  (  he  r,  fiimlamental  ia  the  more  intenae 
liaml.  However,  it  ia  nbrctireii  in  the  aolar  ajieetrum  by  overlaji|iiii(;  bamla  of  d I f «  anil  HjO.  Aa  a  reault 
only  a  few  lin*»  of  \,0  have  lieen  i.lenlilieii. 

Manv  niori  linea  of  the  niueh  weaker  2  e-  which  liea  in  a  iinnparativelv  tranajiarent  wimlow  have-lieen 
ob-erveil.  Many  of  the  \30  linea  in  the  8.0  „  repion  are  ohaenreil  by  several  intenae  M.O  linea,  eajiecially 
•in  in  c  the  mi  miner  niontha.  ( )ther  ja.lv  atomic  atino-|.herie  eonatitnenta  which  imlinleil  ( I  ( *  ( 1 1 .9  m  liaml  i, 
CjM,  (10.3  ),  M|,  1 1 0.7  mi,  (’jNj  (l.(»  Mh  Stj  (8.6  NO  (3.3  ah  ami  NOj  (3.1  m>  were  im  linleil  in  the 
atinliea.  No  inilii'dtmn  of  anv  aburjitum  vi>  fouml  whieh  waa  taken  to  mean  that  the  abnmlani-r  of  theae 
pa«ea,  if  i.r.-wnt  in  the  atmo-j.here,  moat  In*  coti*iilrrab|y  smaller  than  aiieh  minor  eonatitnenta  aa  (Jl,  ami 
Nt«  >• 

11.33 

root,  n.,  ”The  Vajair  I’re "-ore  ami  Orthobarie  Denaitv  of  Nitn.ua  Oxiile,'*  Tram.  Fiirniliiv  Sir.  19,  716 
(193.3 1, 

The  ilelermination  of  the  vaja.r  j.rea.ure  of  nitrone  ovule  from  I2'C  to  the  eritieal  point,  anil  the  ortho- 
harie  ilenaitiea  from  2(*  ('  to  the  eritieal  jaiint  have  Itecn  atmlieil  ami  rrjHirtrtl  in  thia  j.a|H*r.  The  ev|M*ri- 
mental  jiroeeilurea  incltulinp  a  ileaerijition  of  the  ajijiaratua  emploveil,  the  |>rej.aration  of  the  pa»,  metlnnl  of 
hlhnp  the  jire— ore  tulie,  ami  the  reault*  i.htaineil  are  ili-cu— -cil  in  iletail. 

The  vajwir  |ire«-ure«  were  ile(erminei)  from  the  follow inp  relationahip. 

lop  ji>  atm!  —  1.62.78  —  (838.63  T). 

K.piationa  are  aI*o  piven  fur  ilerivinp  the  ortholiarie  i|en«itie».  A  praj.h  of  the  orthoharie  ilenaitiea  of  N-O 
hv  varioua  authora,  the  International  Critical  Tahlea.  aa  well  aa  the  aullurr'a  j.reai'nt  mea*iirrrnent*  ia 
in.’hnleii  for  compari-on  [mrjaiaea.  The  jire-ent  ilata  are  in  po.nl  apreement  with  j.revioua  valor*. 
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miH'H..  m.  4.,  xi<  array,  a.  i;..  stillTZ.  j.  L..  4M>  ill  WDKKT,  c.  R..  "Max*  S|n-ct  rome  trie  Anah  xix  of  Mixtures 

Containing  Nitrogen  Dioxide.”  Anal.  ('.hem.  25.  Ill  l  t I ‘>.33). 

I  In*  is  an  excellent  pajsr  l>>  workers  in  tin*  Sxnthetic  Fuelx  Keseareh  liranch,  llureau  of  Mines,  Bruce- 
t»n.  IVnnxx  l\  aiiia.  I  In-  «-rratii‘  hehaxior  of  nitro”t*n  dioxide  in  the  maxx  x|M-clronieter  ix  due  to  chemical 
reactix  it  x .  I  he  folio*  i  it  £  e<|iiihhriiint  exists  limit  r  normal  teni|«-rattire  ami  pressure  eomlitionx. 

N.O,  JS  2 NO, 

In  thix  xtmh  of  the  maxx  x|ieetnini  of  NO?,  a  <  !on*olidated  21.103  Maxx  Sjiectrortieter  wax  used.  The 
materials,  a|>|>aratux,  ami  inetlnxl  of  procedure  for  anahxix  are  fully  described.  Several  eurvex  of  NO, 
max*  x|H*etral  patterns  at  xariou*  pressure*  ttnieronx),  ami  NO,  maxx  xpeetral  xenxitivitiex  at  varioox  pressures 
are  inelmleil  in  the  pa|M-r. 

In  the  follow  ing  table  the  ma»x  *|>ectra  of  nitric,  nitroux  oxide,  and  a  comparixon  sjieetrum  of  nitrogen 
dioxide  are  xhown: 


Maw 

NO 

Pattern* 

NiO 

NO, 

12 

0.31 

0.14 

1.4S 

14 

12.1 

16.8 

40.2 

IS 

2.38 

0.14 

0.77 

16 

2.7S 

6.05 

92.3 

19.6 

— 

— 

0.24  m 

22 

— 

0  H 

— 

23 

—  — 

— 

0.22  d 

28 

S.61 

18.1 

15.8 

0.03 

0  23 

0.41 

30 

Il*> 

38  3 

298 

31 

0.37 

0.13 

1.09 

32 

0.23 

0.15 

4.19 

At 

— 

100 

0.39 

Id 

— 

0.73 

— 

46 

— 

0.21 

100 

47 

— 

— 

0.39 

48 

T - 

— 

0.36 

Sfn»ilivit»  of  parent  ma«,  fi 
iiemitivitjr  7.73  division*  mic 

*4  6 

rn,  ivte* t axtalile  i,.n  d,  ill 

”  division#  per  micron  1 

n). 

33.0 

'.tiblr  cbtrj^H  i«*r» 

'n-butane  miM  58 

9.10 

rRIEDMtxx.  i.awis,  »M)  BII. KI  KISRN,  Jacob,  "The  Thermal  Deromjswitinn  of  Nitroux  Oxide,”  J.Am.  Chem- 
Soc.  73.  2213  i  1033.. 

Thix  jx  a  study  of  the  thermal  dreom|Ki-ition  of  N,0  enriched  with  N  “N ! *< )  and  a  subsequent  search 
for  po—ible  equilibration  of  N:‘  and  .Vs  in  the  nitrogen  product.  The  decomposition  reactions  were  per¬ 
formed  in  -ealed  ex  liiiilru.il  quart/  x  e*-e|.  3  V  10  cm  and  a  prrx.ure  of  about  SO  mm  Up  at  room  temfxrature. 
The  d<  ■  om[x>-ition  and  exchange  reaction  temperaturrx  were  alnnit  750°C.  The  samples  and  reaction 
product*  were  analx/ed  with  a  maxx  spectrometer. 
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Thr  deconqiositinn  of  .N:<4  nan  complete  in  all  ca>«.  The  results  obtained  showed  that  NO  neither 
exchange*  with  N;<  l  nor  catalyze*  tin-  equilibration  of  nitrogen  during  thr  decomposition  of  N,().  Thr 
following  reaction  war  considered  to  lie  the  main  source  of  NO. 

i):*  +  N+VM)"  —  .VM>'*  +  N,|4<)“  (1) 

Reference  is  maile  to  the  investigation*  of  Noyes  (1937)  who  suggested  reaction  (I)  to  account  for  the 
formation  of  NO  in  the  photolv  si*  of  N;< >.  The  following  unimolecular  mechanism  apjieared  to  l>e  consistent 


with  the  decotn|M>rition  studies  reported  by  the  author*  in  the  present  pa|»er. 

N,<>  +  NjO  —  N,0*  +  N'tO  (2) 

NtO*  +  N,<>  —  2.N,0  (3) 

NjO*  '  — *  Ni  +  O  (4) 

0  +  0+  M  —  O,  +  M  (5) 

O  +  N,0  —  N,  +  O,  (6) 

O  +  N,0  — *  2.NO  (7) 


GOUirkrc.,  lfo,  and  sutler,  EDITH  t..  "The  Vertical  Distribution  of  Nitrous  Oxide  and  Methane  in  the 

Harth’e  Atmosphere,"  J .  Opt.  Sor.  Am.  43,  1033  (1933). 

Ti.e  authors  state  in  thr  introduction  that  the  vertical  distribution  of  minor  constituents  of  the  earth’s 
atmosphere  has  an  important  bearing  on  the  question  of  their  origin  and  photochemistry.  The  following 
methods  for  obtaining  information  on  the  vertical  distribution  are  listed:  (a)  Direct  sampling  at  various 
altitudes,  (b)  Results  of  chemical  and  spectroscopic  analyses  of  the  lower  atmosphere  compared  with  abun¬ 
dances  derived  for  the  whole  atmosphere  from  studies  of  the  solar  spectrum.  (<•)  Kvidence  on  the  vertical 
distribution  may  be  inferred  from  *|>ertrn-copir  abundances  obtained  from  different  sites  anil  altitudes 
assuming  that  the  geographical  distribution  is  uniform,  (d)  The  low -sun  method  which  is  based  on  the 
measurement  of  line  intensities  when  the  sun  is  close  to  the  horizon. 

The  low-sun  method  is  described  in  the  present  paper.  The  principle  involved  in  this  method  is  that 
in  a  curved  atmosphere,  the  amount  of  absorbing  gas  traversed  by  a  ray  of  sunlight  from  directions  near  the 
horizon  depends  upon  the  vertical  distribution.  The  geometry  of  the  curved  atmosphere  is  described  in 
detail. 

The  instrumentation  employed  was  a  high-dispersion  spertrometer  and  Cashman  PbS  cell  of  the 
McMath-Ilulliert  Observatory  attached  to  the  Snow  telescojie  at  Mount  Wilson.  Four  lines,  P25,  1*26, 
P'27,  and  P29  in  the  2.16-a  band  of  N-( )  were  observed  on  8  12  November  and  28  29  November  19.30. 
The  total  absorptions  were  measured  with  a  planirneter. 

The  relative  amounts  of  absorbing  gas  traversed  by  light  rays  coming  from  different  zenith  angles  of 
the  sun  were  calculated  from  the  I.ink  and  Sckera  tables  (Puhl.  \nt.  Oh*.  (Prague)  14  (1940)).  The  values 
in  these  tables  are  based  on  the  observed  density  distribution  in  the  atmosphere,  and  take  into  account  the 
refraction.  Densities  up  to  20  km  were  takrp  from  "Physics  of  the  Air"  by  Humphreys,  McGraw-Hill  Book  ‘ 
Company,  Inc.,  New  3  o^k  i  FM0;.  Between  20  km  and  13  km  the  den-ities  were  calculated  from  teni|>era- 
turrs  given  hy  Duccrt  i+.rg.  d  knsm.  I’hvsik  I.  230  ( 19.il  U.  For  altitudes  higher  than  45  km  the  densities 
were  obtained  from  the  follow ing  reference-:  I.ink  ( J .  drs  Ohsrrv.  18.  161  (1934))  anil  I.irtdemann  and  Dob-on 
(Proc.  Hm.  Sire.  (London)  A  102,  441  (I922i). 
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The  quantity  /.,  /,,,  was  i-alrulati'il.  where  ami  f.„  are  the  total  amounts  of  absorbing  gas  in  direction 
of  the  zenith  angle,  i.  and  through  the  zenith.  The  quantity  L,  La  is  the  path  length  in  air  masses.  It  was 
assumed  that  the  yertieal  distribution  of  nitrous  oxide  is  concentrated  in  a  layer  of  uniform  density  5-kin 
thick  at  altitudes  la,  25.  and  50  km  ami  that  the  NsO  on  the  above  four  assumptions  as  to  vertical  distribu¬ 
tion  are  shown  in  Figure  t  in  the  pafier. 

The  authors  conclude  that  the  line  intensities  for  NjO  observed  at  low  solar  altitudes  seem  definitely 
to  rule  out  the  com -cut ration  of  .VO  in  layers  at  altitudes  of  15  km  or  higher  in  the  earth’s  atmosphere. 
The  observations  also  show  that  \2<  *  is  uniformly  mixed  with  the  major  constituents  and  is  concentrated 
in  the  lower  levels  of  the  atmosphere. 

COODY.  H.  m.,  AND  Walsh aw,  c.  d.,  "The  Origin  of  Atmospheric  Nitrous  Oxide,”  Quart.  J.  Roy.  Afetcorol, 
Soc,  79,  406  (i»5:i). 

The  authors  discuss  new  observational  data  which  indicate  that: 

(at  Nitrous  oxide  is  uniformly  mixed  with  the  atmosphere  up  to  10  am  and  probably  to  40  km.  The 
volume  mixing  ratio  is  3.5  X  10~7. 

(b)  Bacterial  reactions  in  the  soil  can  supply  nitrous  oxide  to  the  atmosphere  at  a  rate  sufficient  to 
compensate  photo-chemical  decoiti|M>sition. 

(c)  The  formation  of  nitrous  oxide  by  homogeneous  chemical  reactions  is  probably  of  less  importance. 

(d)  The  average  magnitude  of  the  nitrogen  cycle  between  earth  and  atmosphere  is  probably  not  less 
than  10u  molecules  cm"  sec-1. 

It  is  stateil  that  nitrous  oxide  is  the  only  oxide  of  nitrogen  whose  presence  in  the  atmosphere  has  been 
established  In  direct  observational  evidence.  Heference  is  made  to  the  six  records  of  the  7.8  u  bands  of  NjO 
in  the  solar  spectrum  obtained  on  aircraft  flights  over  Southern  F.ngland  bv  Yarnell  and  Goody  (./.  S ci.  In.itr. 
29.  352  ( 19520.  The  altitudes  were  lietween  3  km  and  8  km.  Aircraft  results  were  consistent  •-it’-  a  con¬ 
stant  mixing  ratio  of  2.7  ±  0.8  X  10*'  by  volume  between  3  km  and  10  km.  The  spectra  from  Arizona  were 
consistent  with  a  volume  mixing  ratio  of  4.0  ±  0?5  X  10“7.  The  results  from  Arizona  were  obtained  at  an 
altitude  of  2.21  km.  The  results  of  Slobob  and  Krogh  (1950)  at  ground  level  in  Texas  from  mass  spectro- 
scupir  measurements  gave  values  from  2.5  to  6.5  X  10*". 

The  natural  lifetime  of  a  molecule  of  nitrous  oxide  to  photodissociation  according  to  Bates  and  Wither¬ 
spoon  is  shown  in  the  following  table. 

Altitude  Km  i0~  ~  20  30  10  60 

l  ifetime  Mays)  4000  800  50  20  10 

With  reference  to  bacterial  reactions  in  the  soil  the  authors  state  that  bv  using  the  best  available  data, 
a  time  constant  of  200  tlavs  is  required  to  supply  an  average  over  the  whole  globe  of  8  X  lO1"  nitrous  oxide 
molecules  rm~:  sec*1.  This  demonstrates  that  bacterial  reactions  could  supply  the  nitrous  oxide  in  the 
atmosphere.  Heference  is  made  to  Bates  and  Witherspoon  (1952)  who  examined  possible  mechanisms  by 
which  nitrous  oxide  could  lie  produced  by  homogeneous  chemical  reactions.  The  following  was  considered 
most  promising. 


V  +  Oj  — ►  VO  +  Oj 


1 


A  rate  coefficient  of  5  X  10~,T  cm*  see-1  was  considered  to  be  adequate  to  arrount  for  the  nitron*  oxide  in  the 
atmosphere. 

Goody  and  Wahhaw  state  that  they  Here  able  to  make  an  estimate  of  the  rate  of  the  altove  reaction  by 
mixing  nitrogen  and  ozone  in  an  absorption  tube,  measuring  the  ozone  decay  from  the  absorption  in  the 
Chappui*  band  and  the  nitr  >u»  oxide  formed  from  the  intensity  in  the  7.8  u  band.  In  three  experiment* 
which  were  :  formed,  one  showed  a  weak  doublet  of  the  right  shape  at  7.8  n  from  which  the  nitrous  oxide 
density  could  be  estimated  to  be  1.5  X  19:‘  molecule*  cm"’.  The  rate  coefficient  was  deduced  to  be  le*« 
than  or  equal  to  5  X  10'J*  cm’  sec-1  at  19°C.  The  analysis  of  the  interpretation,  wall  reaction  effect,  and 
aimilar  topic*  are  discussed.. 

The  conclusion  of  Goody  and  Walshaw  although  not  greatly  different  from  that  of  Bate*  and  Wither¬ 
spoon  reverse  the  emphasis  and  consider  bacterial  reactions  in  the  soil  to  be  a  possible  source  of  atmospheric 
nitrous  oxide  while  the  homogeneous  gas  reaction  is  probably  of  secondary  importance.  The  evidence 
obtained  bv  Goodv  and  ^  alshaw  indicates  that  the  homogeneous  gas  reaction  mechanism  proponed  by 
Bates  and  Witherspoon  is  too  slow  by  a  factor  of  40  to  account  for  the  observed  concentration  of  nitrous 
oxide  in  the  atmosphere. 

MtntA,  a.  r.,  "A  Tentative  Model  of  the  Equilibrium  Height  Distribution  of  Nitric  Oxide  in  the  High 

Atmosphere  and  the  Resulting  D-Layer.”  Ionospheric  Research.  Scientific  Report  No.  46.  The 

Pennsylvania  State  College,  15  May  1953.  AMC  Contract  No.  AF19(122)-44. 

With  reference  to  the  mechanism  of  production  of  NjO,  iSe  author  reviews  the  discovery  by  Slobod  and 
Krogb  who  originated  the  suggestion  that  atmospheric  NjO  is  produced  in  the  soil  by  some  micro-organism*. 
Reference  is  also  made  to  Bates  and  Wither-poon  who  considered  that  the  atmospheric  NjO  might  result 
from  homogeneous  gas  reactions  at  low  atmospheric  level*.  The  following  reartion*  were  considered  favor¬ 
able  by  Bate*  and  Witherspoon. 

N.  +  O  +  M  —  NjO  +  M  JU  (1) 


Oj  +  Ni 


NjO  +  Oj  kk 


The  parent  particles  f)  and  Oj  might  be  produced  with  sufficient  rapidity  to  compensate  for  the  rapid 
destruction  rate  of  NjO  by  the  following  photochemical  reactions. 


NjO  +  hv 


N.  +  0.(*P  or  'D)  J. 


or  NjO  4-  hv  *  5  NO  +  N  («S)  J,  (4) 

The  values  of  Ji  and  J,.  the  photodissociation  coefficients  were  calculated  by  Bates  aao  Witherspoon  for  a 
number  of  heights. 

Mitra  in  the  present  report  considers  both  reactions  (1)  and  (2)  giving  the  following  rate  equations. 


dn,(  N;Q) 
dt 

rf/tjfNjO) 


fc«n(N,)  n( O)  n( M)  -  (J,  +  J,)  n(NiO) 


=  kMfh)  n(Nj)  -  (J,  +  J,)  n(NjO) 
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and 


ni(NV>)  ■--= 

n,(N,0)  = 


I'nilff  equilibrium  condition*,  the  cufrf<|Kini!in(:  concentration*  of  .VjO  would  be 

k%it(\t)  n(0)  n(M) 
lx  +  J* 

Jwi(0,)  n(Ni) 

/.  +  J.  ' 

in  Table  III  (A),  (HI  and  (C)  in  the  rejiort  the  value*  of  the  variou*  parameter*  u*ed  a|e  given  for 
height*  from  50  km  to  100  Lm.  From  these  value*  the  height  distribution  of  \jO  wa»  calctil 
repitm  50-100  km.  From  the  di*tribution*  of  NjO  and  N,  Nlitra  u«e*  these  value*  to  ealculattj 
distribution  of  nitric  ovide  (NO). 

*■» i(\)  n(O)  n(M)  +  J,n(N,0) 

Atj(T)  n(N)  +  J,  . 


(7) 

(8) 


ted  for  the 
the  height 


n(NO) 


MrotJtT,  MvltORU  "Aeronomical  Problem  of  Nitrogen  Oxide*,”  Ionosphere  Re*eareh.  Scientific  Report 
No.  S2,  The  Pennsylvania  State  College,  25  Oetoler  1953,  AVIC  Contraet  No.  AFI9I.122) 

U  ith  reference  to  nitrous  otide  it*  observation  a  discovery  from  infrared  studies  bv  A 
Mipeotte  (1918),  Shaw,  Sutherland,  and  Wortnell  (1918)  are  mentioned.  Also  reference  i*  m 
abundance  of  the  order  of  10'*  molecule*  cm”  found  by  McMath  and  Goldberg  (1919),  ami 
Benesch  and  Neven  (1953);  and  the  vertical  distribution  by  Goldberg  and  Muller  (1953). 

Reference  i*  made  to  the  studv  of  the  photochemistry  of  tropospheric  nitrous  oxide  by 
Witherspoon  (1952)  who  found  that  the  Nj< I  molecule  is  not  a  member  of  the  main  photncheniil 
nitrogen  oxide*.  Mitra  (Scientific  Rejx.rt  No.  16,  Pennsylvania  State  College  (1953))  ha*  proposed  the 
following  mechanism*  for  the  formation  and  photodi**ociation  of  NjO. 

Nj  +  O  +  M  — *  NjO  +  M 
NjO  4  hr  (X  <  2  too  A)  —  NO  4-  N 

Mitra  (1953)  considered  reaction  (I)  as  the  source  of  nifrou*  oxide  at  mesopause  levels,  and  al4n  give*  the 
following  reaction: 

o.  +  X*  -  NjO  +  o, 

as  another  possibility  for  its  production.  The  latter  process  had  been  suggested  by  Bates  and  Hj'ithers|xxm 

(p»52).  ,  r 

Nicolet  in  the  present  report  consider*  the  source' of  NjO  at  me*opause  levels  to  be  pr»K-es'|  (1)  rather 


(9) 


11. 

lei  (1939), 
ade  to  the 
Migeotte, 

Bate*  aiid 
a  I  series  of 


(1) 

(2) 


than  process  (3)  lx-eau*c  of  the  high  activation  energv  in  the  latter  mechanism.  The  author  gives 
tive  discussion  of  nitrous  oxide  and  atmospheric  oxygen  sy  stem  in  which  the  following  equation 


*,n(.N,)  n(0)  n(M) 


formation  is  given. 

Int  N,0) 

St 

1  I  he  above  equation  is  obtained  from  (1  i.  The  following  process  is  also  considered. 

Ni  4-  O  4  Oj  — »  N;0  +  Oj*  (excited) 

It  is  stated  that  process  (5i  would  be  a—ix-iated  with  the  altitudes  near  the  mesopause. 


v  alue  of  10'  cm-'’  for  the  prixluct  of  n[ Nj)  n  (()>  n(05),  a  ' of  50  photons  cm*1  ser-1  would  corresjxtnd  to 


(3) 


a  quantita- 
of  ttic  rate 


:  (4) 

(5) 

Assuming  a 


i 
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■  rati-  coefficient  of  5  V  10-’*  cm*  -ec*1  for  the  excitation  jinicrw  of  the  atmospheric  hands  of  Oj.  Hate* 
am)  \X  ither-|m»n  |952i  ami  Hates  (1932)  who  di-eu—ed  process  (5)  concluilcii  that  the  rate  coefficient 
for  the  reaction  would  not  he  expected  to  haxe  a  \alne  greater  than  I  X  10~"  cm*  sec*1.  Nicole t  con¬ 
clude**  that  both  theoretical  and  exjierimental  investigation-  haxe  not  a*  vet  yielded  reliable  data  to  calcu¬ 
late  the  rate  coefficient. 

TllovH*sn>,  it,  w..  4  mi  nil  not-,  k.  i...  "Vibration  Bands  and  Molecular  Rotational  Constants  of  Nitron* 
Oxide."  I‘rnr.  Hoy.  (I.nndon V  A  220,433  (1953). 

The  author-  haxe  reported  the  measurement  of  -even  vibration-rotation  hand-  of  nitrone  oxide.  The 
rotational  line  structure  of  each  hand  x»a-  analyzed.  The  three  fundamental  vibration  frequencies  t>i,  e».  and 
eJt  were  found  to  he  approximatelx  121!.').  589.  anil  2223.0  cm*1.  The  value-  for  rotational  eon-tant*  were 
derived.  The  value  for  If,,,,  xxa«  found  to  he  0.  tl90(  cm-1  from  four  hand-  a-  compared  to  4191,  found  by 
ller/.lwrg  and  llerzberg.  The  x  alue-  for  the  co»*fficient  a,  for  the  different  vibrational  levels  are  al*n  rejxirtfd. 

ZH  tKOFF.  Mt  KK  x V.  «  4T4N4RE.  K.,  4VDIXV.  Ktux  4RI)  c.  T.,  ’'Absorption  Coefficients  of  Gases  in  the  Vacuum 
l  Itra violet.  Part  II,  Nitrous  Oxide,"  J.  ('horn.  Phvs.  21,  1643-1617  (1933). 

In  this  pa|>er  the  authors  report  their  measurements  of  the  absorption  coefficients  of  NjO  in  the  region 
X  10K0  2100  A. 

Four  rontinua  were  observed  at  1820  A,  1 130  A,  1285  A,  and  1080  A.  The  f  values  were  0.0015,  0.0211, 
0.367,  and  0.1  respectively. 

The  strongest  hand  areas  found  for  absorption  were  observed  to  lie  at  1178  A  with  an  absorption  coeffi¬ 
cient  of  3010  cm*1  at  its  maximum. 

1954 

not  t;i  vs,  4.  K..  4>n  wot. i>:r.  c.  K.,"The  Near-Infrared  Spectrum  and  the  fnternuclear  Distance  of  Nitrous 
Oxide.”  J.  Chrm.  Phv*.  22.  275  (1034). 

The  author-  have  rc|>orted  the  results  of  their  study  of  the  spectra  of  the  isotopic  mixture  of  nitrous 
oxide.  V  ‘O  '  and  N  :,N  ‘I  >  *.  From  the  B,  values  the  equilibrium  internudear  distances  were  found.  The 
internuclear  distance.  N  —  N  is  given  as  1.126  A,  and  the  \  —()  distance  1.186  A. 

hxhtkck.  p..  imi  oomiks.  s.,  "Origin  of  Nitrous  Oxide  in  the  Atmosphere,”  Phvs.  Rrv.  95,  320  (1934). 

The  author-  -ugge-t  that  the  presence  of  nitrous  oxide  in  the  atmosphere  is  due  to  photochemical 
equilibrium  between  nitrous  oxide  formation  and  nitrous  oxide  decomposition  through  the  following 
mechani-in: 


N* 

+  O  +  M  =  N’jO  +  M 

(I) 

0, 

+  h»  —  Ox 

+  0 

(II) 

0, 

+  0  4-  M  =  Oj 

+  M 

(III) 

0, 

+  ()+  M  =  0,* 

+  M 

(Ilia) 

N, 

+  Oj*  =  NjO  +  O, 

da) 

N’jO  4-  hvly  —  N’j 

+  O  or  NO  +  N 

(IV) 
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Reaction  (1)  alsive  »»«  accomplished  by  the  author*  and  reportrd  { J .  Chem.  Phvs.  22.  758  (1054)  to 
have  a  heat  of  activation  of  only  about  12  krai.  Assuming  tlir  *um  of  tin?  light  quanta  absorbed  by  ozone 
an.  A»„  5  V  10,s  cin'  nee  the  nitron*  oxide  production  nan  oal<  ulated,  and,  in  turn,  wan  found  to  be 

equivalent  to  the  photochemical  deconqtosition  in  the  stationary  ntate.  Another  possible  reaction,  of  nitron* 
oxide  in  the  atiuonphere  being  inventigated  by  the  author*  ( J .  Chem.  Phya.  22,  053  (1054))  i*  it*  formation 
from  nitrogen  dioxide. 

NO,  +  N  =  N.O  +  O. 


ZEt.lKOFF,  VIIRRAT,  AND  aschenbrand,  LEONARD  M..  "Vacuum  Ultraviolet  Photochemintry.  I.  Nitrous 

Oxide  at  1470  A.”  J.  Chem.  Phya.  22.  1680  (1054). 

The  author*  report  their  study  of  the  photolysis  of  nitrous  oxide  (N,0)  at  a  wavelength  of  1470  A.  The 
light  source  employed  was  the  radiation  from  a  xenon  resonance  lamp.  The  author*  suggest  that  from  their 
study  of  absorption  by  N,()  at  X  1470  A  and  in  the  spectral  region  1050  V  to  1850  A,  nitrous  oxide  diivociate* 
into  molecular  nitrogen  and  atomic  oxygen.  The  following  mechanism  is  considered  most  favorable  for 
this  dissipation. 

N,0  — *  N,  +  O  (1) 

O  +  N,0  —  2NO  (2) 

O  +  N,0  — »  N,  +  O,  (3) 

O  +  O  +  M  ->  O,  +  M  (4) 

The  quantum  yield*  were  determined  to  be,  N,()  =  1.7,  O,  =  0.5,  and  N,  —  1.4.  The  quantum 
yield  for  NO  was  found  to  be  pressure-dependent. 


ZELIKOff,  ML’RRAY,  and  ASOHr.NBR AND,  Leonard  M..  "Vacuum  Ultraviolet  Photochemistry.  II.  Nitrous 
Oxide  at  1849  A. J.  Chem.  Phy 22,  1685  (1954). 

In  this  second  paper  Zelikoff  and  Aschenbrand  in  the  study  of  the  photochemistry  of  nitrous  oxide  in 
the  vacuum  ultraviolet  employed  a  low-pressure  Hg  arc  as  a  source  of  radiation.  The  quantum  yield  ratios 
reported  are.  NjO  N,  —  1.24;  NjO  O*  =  3.47;  and  N,()  NO  was  found  to  be  pressure  dependent.  The 
evidence  obtained  from  the  spectroscopic  data  appears  to  support  the  assumption  that  initially  the  process 
of  photodissocialion  of  NjO  leads  to  the  formation  of  nitrogen  molecules  and  atomic  oxygen, 

N,0  —  N,  +  O 

and  that  nitric  oxide  (NO)  is  produced  by  the  reartion, 

N,0  +  O  —  2  NO. 


1955 


amat.  C.,  Barchf.witz.  p.,  and  c-renier-besson,  m-l.,  "A  Preliminary  Study  of  the  Spectra  of  N,0  under 
Great  Thickness  between  1.5  ami  2.5  n,"  J.  phys.  radium  16,  16  (1955). 

The  authors  report  a  preliminary  study  of  the  vibration-rotation  spe<  tra  of  nitrous  oxide  (N,0)  between 
1.5  and  2.5  u.  A  brief  description  of  the  instrumentation  is  given.  A  certain  number  of  new  bands  of  weak 
intensitv  were  observed.  The  determination  of  suitable  frequencies  of  corresponding  vibrations  permitted 
the  calculation  of  vibrational  constants  of  this  molecule. 
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r.VErAMOVir,  H.  J..  "Mercury  Photosensitized  Dccompo-itioii  of  Nitrous  Oxide,”  J.  Chi'in.  I'hvs.  23,,  120,1 
(1933). 

The  decomposition  of  nitrone  oxide  indtieed  by  direct  photoehemieid  decomposition  in  the  far  ultraviolet 
is  briefly  reviewed.  The  investigations  of  Macdonald  (19211).  \ < >\ es  (1937)  and  llenriipies  and  others  ( 1938) 
are  eited.  According  to  ZclikofT,  Watanahe.  and  Inn  (1933)  the  accessible  electronic  levels  of  nitrone  oxide 


are  repnleive  and  the  following  are  jtoeeilde  primary  processes. 

-  n»o  +  hv  —  x,  er)]  [  +  o  er,  'i>.  or  <s)  (D 

N-O  +  Ae  — »  NO  (**■)  +  N  (*S)  -  -  (2) 

Noyes  (1937)  eoneidered  the  large  anionnte  of  nitric  oxide  produced  to  he  the  reenlt  of  the  reaction 

NjO  +  <)  —  2NO  (3) 

and  concluded  that  the  primary  proceee  (I  )  was  accompanied  l»y  (2)  and  followed  by  the  reactione 

N  •+■  NjO  — *  NO  +  Nj  (4) 

N  +  wall  —  |N,  (5) 


The  experimental  inetrumentation  and  procedure  of  the  author's  methoil  are  described  in  iletail.  The 
reaction  was  studied  by  analyzing  the  products  and  by  following  the  change  in  the  amount  of  transmitted 
light  during  the  process.  Nitrogen  and  oxygen  very  close  to  the  stoichiometric  ratio  of  2  :  1  were  the  major 
and  almost  exclusive  products  of  the  reaction.  The  following  two  primary  processes  were  considered  possible. 

Hg  (5P,)  +  NjO  -  NO  (Jr)  +  N  (*S)  +  Hg  CS,,)  (6) 

Hg(>P,)  +  NiO—*  Nj  ('-)  +  0(JP,or'D)  +Hg('S„)  (7) 

It  was  concluded  that  reaction  (7)  was  by  far  the  predominant  and  possibly  the  exclusive  step.  The 
author  states  that  the  results  of  his  present  experiments  support  the  view  expressed  previously  by  Noyes 

(1937).  There  was  indication  of  recombination  of  oxygen  atoms.  The  latter  reaction  was  catalyzed  by  the 

small  amounts  of  higher  nitrogen  oxides  formed  as  secondary  reaction  products. 

KAIFMAM,  FREDERICK, AMD  KELSO,  JOHM  R.  "Reaction  between  Nitric  and  Nitrous  Oxide,”  J.  Chem.  Phys.  23, 
602  (1955). 

Reference  is  made  to  Musgrave  and  Ilinshelwood  ( Pror .  Roy.  Soc.  (London)  A  135,  23  (1932))  who  first 
studied  the  catalytic  effect  of  nitric  oxide  in  the  decomposition  of  nitrous  oxide.  The  temperature  range  of 
the  present  investigation  was  924  to  1028°K.  The  reartion  wan  found  to  be  accurately  first  order  in  both 
NO  and  NjO.  The  following  table  is  included. 


Determination  of  Order  in  N?0 


T  -  924°K 

P*  o‘m  100 
P0|  mm  Hg 

mm  Hg 

t 

APot 

P*rO 

m  30  sec 

P*n  mm  Hg 

Total 

NiO  bUnk 

A 

X  10* 

25 

0.491 

0.059 

0.432 

1.728 

50 

1.024 

0.164 

0.860 

1.720 

100 

2.224 

0.460 

1.764 

1.764 

200 

4.70 

1.29 

3.51 

1.755 

The  order  in  NO  was  obtained  by  plotting  1  t  X  log  {[NjO]0.  [NjO],}  vs  pso  at  constant  />Nl0.  The 
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authors  conclude  tha'  the  importance  of  the  NO  catalyzed  decomposition  of  NjO  decreases  with  increasing 
temperature,  the  activation  energy  of  the  uncataiyzed  reaction  being  greater  than  50  Leal. 

walker,  w.  r..  ami  l.  wkissi.kh,  "Photoionization  Kfficiency  and  Cross  Sections  in  NjO  and  NO,” 
J.  (Mem.  Vki.  23,  1002  (1055). 

The  authors  have  reported  in  the  present  paper  preliminary  measurements  of  total  absorption  cross 
sections,  photoionization  efficiencies,  and  ionization  cross  sections  of  NjO  and  \C  in  the  region  between  the 
ionization  onset  and  6117  A.  It  is  stated  that  absorption  spectra  for  NjO  have  been  obtained  to  B50  A  by 
Duncan  ( J.'Chem .  Phyx.  4,  638  (1936)  and  that  absorption  coefficients  have  been  measured  to  100  A  by 
Zelikofl,  Watanabe  and  Inn  (J.  Chem.  Phyx.  21,  1643  (1954)).  No  absolute  measurements  have  been  pub¬ 
lished  for  the  region  of  the  ionization  continuum  of  NjO.  Watanabe  (J.  Chem.  Phyx.  22,  1564  (1954))  has 
reported  absolute  absorption  and  ionization  measurements  of  NO  in  the  region  from  the  ionization  onset 
to  1080  A. 

The  authors  in  the  present  letter  to  the  editor  have  shown  the  photoionization  efficiencies  of  NjO. 
An  ionization  onset  was  obtained  at  965  ±  5  A  (12.83  ±  0.07  ev).  The  absorption  and  ionization  cross 
sections  for  NjO  were  observed  to  be  independent  of  pressure  except  for  four  lines  at  770,  707,  833  and  843  A 
where  the  cross  sections  increased  with  decreasing  pressure. 

The  ionization  onset  of  NO  was  found  at  1347  ±  5  A  (9.20  ±  0.03  ev)  in  agreement  with  9.25  ±  0.02  ev 
reported  by  Watanabe.  Fluctuations  in  the  cross  sections  with  wavelength  were  interpreted  to  indicate  the 
presence  of  diffuse  bands  in  the  region  below  1000  A  in  agreement  with  absorption  spectra  obtained  by 
Tanaka  ( J .  Sci.  Rexeorch  Inxt.  (Tokyo)  43,  16  (1949)). 

2.2  NITRIC  OXIDE  NO 

1926 

LEtFSON,  sir.Ml  M)  w„  "Absorption  Spectra  of  Some  Gases  and  Vapors  in  the  Schumann  Region,”  Axtrophyx. 
7.63,  73(1926). 

In  this  study  the  author  has  reported  his  results  of  absorption  spectra  of  gases  in  the  Schumann  region. 
In  regard  to  NO  absorption  measurements  were  made  at  pressures  of  0.01,  0.1  and  1.0  atmosphere.  A  large 
number  of  narrow  absorption  bands  was  observed  and  photographed.  The  spectrograms  for  NO  are  shown 
in  Plate  IV  in  the  paper.  The  bands  and  band  groups  are  listed  in  Tables  V  and  VI. 

The  instrumentation  consisted  of  a  vacuum  spectrograph  with  an  absorption  cell  with  fluorite  windows 
built  into  the  discharge  tube.  The  fluorite  window  transmitted  the  hydrogen  line  X  1215.67  (Lyman  alpha) 
which  was  apparently  a  new  ultraviolet  limit  for  the  transparency  of  fluorite.  The  author  acknowledges  his 
indebtedness  to  Dr.  J.  J.  Hopfield  and  to  Professor  R.  T.  Birge.  A  list  of  sixteen  references  to  previous 
investigations  of  the  gases  studied  are  included. 

1927 

barton,  henrt  a.,  jenkins,  francis  a.,  and  mlxuken,  robeht  s.,  "The  Beta  Bands  of  Nitric  Oxide. 
II.  Intensity  Relations  and  their  Interpretation,”  Phyx.  Rev.  30,  175  (1927). 

In  this  paper  the  authors  report  their  results  in  testing  the  equations  of  Honl  and  London  (Z.  Phyxik  33, 
803  (1925))  predicting  the  relative  intensities  of  band  spectrum  lines  with  the  beta  bands  of  NO  (SP  — *  ’P 
transition),  a  system  emitted  by  an  odd  molecule.  Both  comparison  of  line  intensities  and  intensity  between 
bands  are  considered. 


JENKINS,  FRANCIS  A.,  BARTON,  HENRY  A.,  AMI  Ml  l.I.IK  UN.  HOIIKKT  S..  "The  Beta  Bands  of  Nitric  (hide. 

!.  Measurements  anti  (Quantum  Analysis,”  I'hvs.  iVr.  .'$0.  150  (. 

1  his  is  an  extensive  ami  useful  paper  u|mui  tlie  b.i  id  «trueture  anil  wave-number  data  of  the  /3-L>ands 
of  NO.  'I  he  spectral  region  XX  2300  A  to  5300  A  was  plmtographcd  in  the  second  ortler  of  a  21-foot  Howland 
concave  grating. 

\  arinus  constants  of  the  nitric  oxitle  molccolc.  so  h  as  moment  of  inertia,  internuclear  distance,  are 
included.  I  he  exjierimental  procedure  is  described  in  detail.  The  analysis  of  the  band  structure  anil  the 
description  of  the  bands  receive  extensive  discussion. 


I.AMUKKY.  xt\l  kick,  "S|wctro»cnpie  Investigations  of  \itrie  Oxide  and  Nitrogen  Dioxide,"  .-inn.  Phv».'  14, 

(Ser.  10',  95-181  (1930s. 

.  ... 

This  is  an  extensive  study  of  the  absorption  spectra  of  nitric  oxide  and  nitrogen  dioxide.  The  absorption 
sjiectruin  was  photographed  using  a  small  ipiartz  spectrograph.  Hydrogen  was  used  as  a  continuous  light 
source.  T  he  spectra  of  NO  was  found  to  have  two  systems  of  doublets.  The  most  intense  was  the  y. system 
extending  fror  i  1.368.6  \  to  1871  A.  while  the  (3-system  extended  from  2210.5  A  to  1008  A.  The  coefficient  of 
absorption  of  NO  was  determined  between  XX  2100  210  )  A.  It  was  found  that  the  introduction  of  a  foreign 
gas  caused  an  increase  in  the  absorption  coefficient. 

The  absorption  spectra  of  nitrogen  dioxide  (NO.)  Was  also  studied  in  the  ultraviolet.  The  spectra  was 
found  to  consist  of  two  wide  hands  due  to  nitrogen  tetroxide  (N'i()4).  Other  bands  were  of  a  complex  structure 
and  were  attributed  to  Nth- 


K  APLAN,  JOSEPH,  "Repulsive  Knergy  Levels  in  Band  Sjlei  tra."  /’/tvs.  Rev.  37,  1406  (1931), 

In  this  paper  the  author  gives  an  explanation  for  nlany  cases  of  anomalous  intensity  distribution  in  the 
band  spectra  nffdiatoinic  molecules.  Some  of  the  examples  discussed  are:  NO,  N,  and  CO. 

The  following  values  are  given  for  the  heats  of  dissociation  of  N'.,  ()2  and  NO:  N’j  =  9.1  volts,  Oj  =  5.06 
volts,  and  NO  =  6.15  volts. 

In  regard  to  nitric  oxide  it  is  stated  that  the  beta  hand-  of  nitric  oxide  possess  a  very  exceptional  intensity 
distribution.  ^To  explain  these  anomalies  the  author  postulates  an  interaction  between  the  excited  states  of 
NO  on  which  the  beta  bands  arise  and  the  lieitler  and  London  IpvcI  corresponding  to  the  coming  together 
of  normal  atoms  of  nitrogen  and  oxygen.  The  failure  of  the  beta  bands  to  obey  the  Franek-Condon  rule 
for  band  intensities  is  given  as  evidence  that  the  postulate  is  correct. 


FLORT,  PAIL  J.,  AND  JOHNSTON.  HKRRIOK  L..  The  Photochemical  Decomposition  of  Nitric  Oxide,”  J.  Am. 
Chem.  Soc.  57,  26H  (19.35). 

The  photochemical  decomposition  of  nitric  oxide  i  y  radiation  from  the  mercury  arc  and  with  sparks 
between  various  metal  electrodes,  and  over  a  pressure  ra  ripe  from  0.02  to  7  mm  was  investigated.  The  metal 
electrodes  employed  were:  aluminum,  zinc,  cadmium,  nickel,  copper  and  tin. 
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The  uuthors  conclude  that  the  final  decomposition  products  are  nitrogen  anil  oxygen.  The  latter 
substance  in  removed  lit  reaetion  uhieli  taken  plaet*  during  compression  of  the  gas  in  the  McLeod  gage.  The 
successive  stoichiometric  reactions  for  the  deeimi|H>nilion  mechanism  are  given  a*  follow*: 

NO  +  hv  l  2  Nj  +  1  2  O,  (1) 

NO  +  1  2  O;  —  NO,  (2) 

llg  -|-  NO.  — *  Hg.NOj  (miliil)  (3) 

No  radiation  helow  \  175<>  A  wan  considered  to  enter  into  the  photochemical  reaetion  eell.  The  une  of 
lillern  containing  solution*  of  ammonium  chloride  and  atiinioniiint  hydroxide  places  the  efTeetive  radiation 
front  tile  mercury  arc  below  I'MH)  A.  The  u.c  of  a  water  filter  gave  indication  that  the  effective  »|iectral 
region  i.  in  the  neighborhiMMl  of  X  IH.'lfl  A.  The  .trong  resonance  line  at  X  181*1  A  was  ruled  out.  It  was 
con  eluded  that  absorption  in  the  &  (1.  Oi  hand  of  nitric  oxide  together  with  sonic  absorption  in  the  bands  of 
the  j.*y stem  was  rcs|tonsilde  for  the  dissociation  process.  Since  the  active  radiation  is  in  a  banded  spectral 
■region  of  nitric  the  dissociation  process  was  thought  to  lie  one  of  predissociation.  This  interpretation  is 
supported  by  the  investigations  of  Kaplan  ( Phys.  /fee.  3T.  1  106  (1031))  since  it  agrees  with  the  evidence  for 
predissociation  provided  by  the  emission4  spectrum  of  nitric  oxide.  Several  stoichiomelricallv  possible 
secondary  processes  are  also  considered  all  of  which  were  ruled  out  from  experimental  and  theoretical 
considerations. 

MELVIN,  ELOENE  II.,  AMI  VYU.F,  OLIVER  R.,  "Ultraviolet  Absorption  of  Mixtures  of  NO,  NOj  and  HjO,” 
J.  Chvm.  Phys.  3,  753  (1935). 

Included  in  this  paper  are  three  spectrograms  showing  absorption  bands  of  mixtures  of  NO.  N’Oi  and 
1 1.3  *  together  with  effects  produced  upon  the  apjiearance  of  the  absorption  bauds  by  (a  I  increasing  the  amount 
of  nitrogen  dioxide,  (bj  the  effect  of  nitric  oxide.  (o  the  effect  of  increasing  water,  and  (d)  the  effect  of 
increasing  tem|ierature.  The  conditions  for  obtaining  these  pictures  are  fully  described. 

The  authors  rai«e  a  jiertineiu  ipicstion  as  to  the  N-Oj  content  of  “pure  NO,.”  In  a  mixture  of  pure 
2N<  h  Z!  NjO*  as  one  ran  prepare  there  exists  the  following  equilibrium: 

2NO»  NjOj  +12  0, 

1938 

KAPLAN,  JOSEPH,  “The  Preparation  and  Profierties  of  Auroral  Afterglows,”  Phys.  Rev.  54,  176  (1933). 

The  preparation  of  auroral  afterglows  showing  the  various  stages  is  described.  The  discharge  tube 
consisted  of  a  central  py  rex  or  quart/,  bulb  (100  ml  to  5  Liters)  with  pyrex  side  tubes  which  contained  aluminum 
electrodes.  ~  .  . 

Five  distinct  stages  may  usually  be  observed  in  the  preparation  of  the  glow  tube  when  carbon  and 
oxygen  are  present  as  impurities.  These  are  called  (I )  the  ozone  stage,  (2)  nitric  oxide  stage,  (3)  cyanogen 
stage.  (4)  Lewis. Rayleigh  afterglow,  and  (3)  the  auroral  stage. 

The  afterglow  of  nitric  oxide  (NO)  stage  is  blue  in  color  and  its  sjx'ctrum  is  characterized  by  the  presence 
of  the  d-bands  of  NO  in  the  visible  and  ultraviolet  and  the  7-bands  in  the  ultraviolet.  Photographs  are 
shown  of  the  afterglows,  one  of  which  includes  the  nitric  oxide  stage. 
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1939 

r.Htl,vt.x>.  sx dm: v.  "Sjicotrnsonpir  and  Other  Evidence  as  to  Chemical  Composition  and  Dissociation.  The 
l  pper  Atmosphere."  Quart.  J.  Hoy.  Mrtromt.  Soc.  63,  310  (1939). 

In  llii-  |>a[x-r  read  at  the  Joint  Meeting  of  the  Chemical  Society,  the  I’hvsics  Society,  and  the  Itoyal 
Meteorological  Society  on  1  May  1939  at  the  Itoyal  Institution  London,  Chapman  discussed  the  problem 
of  the  eoni|H)!>ition  of  the  atmosphere  above  194)  or  130  km  altitude. 

Evidence  from  the  spectrum  of  the  auroral  light.  which  is  emitted  to  strong  excitation  of  the  air  particles 
by  fast  moving  corpuscles  coniine  from  the  sun.  seems  to  indicate  that  everywhere  up  to  600  km  the  atmos¬ 
phere  is  a  nitroiyn-oxYfirn  atmo-phere.  Both  the  auroral  and  night  sky  emission  s|»eetra  show  bands  due  to 
molecular  nitrogen,  both  neutral  and  ioni/ed.  The  author  states  that  lines  due  to  atomic  oxygen  are  promi¬ 
nent  in  both  the  night  sky  and  auroral  spectra,  but  hands  due  to  molecular  oxygen  are  missing  in  both 
sjveetra. 


HAIM.  in.  JosKPll.  “Nitric  Oxide  in  the  Earth's  1  pper  Atmosphere,"  .Suture  I  II,  152  (1939). 


In  this  letter  to  Suture  the  author  states  that  one  of  the  most  conspicuous  characteristics  of  nitrogen 
afterglow  sj>eotra  is  the  intense  excitation  of  the  d-  and  > -systems  of  NO  in  active  nitrogen  even  in  the  pres¬ 
ence  of  only  a  trace  of  oxygen.  The  d-hands  are  more  intense.  The  strongest  members  of  this  series  lie  on 
the  long  wavelength  side  of  the  great  Hartley  absorption  bund  of  ozone,  w  hile  the  y-bands  lie  on  the  short 
wavelength  side. 

A  spectrum  of  an  afterglow  produced  by  pas-ing  an  extremely  weak  discharge  through  nitrogen  at  a 
pressure  of  10  mm  is  shown  in  the  pajier.  The  nitrogen  contained  a  trace  of  oxygen.  The  strong  auroral 
afterglow  ap|M-ared  by  apply  ing  a  strong  discharge.  The  spectra  of  the  strong  ami  weak  afterglows  were  as 
different  as  tho«e.  of  the  aurora  and  the  light  of  the  night  sky.  The  Vegard-kaplan  bands  X3167  and  the 
green  auroral  line  are  strong  in  the  weak  glow  but  almost  absent  from  the  strong  afterglow.  The  latter 
consi-ts  of  baud'  typical  of  auroral  sjveetra. 


The  NO  bands  were  entirely  absent  from  the  strong  afterglow  but  ajvjieared  very  strongly  in  the  weak 
afterglow.  Front  thc»e  laboratory  experiments  the  author  concluded  that  nitric  oxide  bands  are  present  in 
the  light  of  the  night  skv  but  arc  not  observable  due  to  ozone  absorption.  It  is  also  pointed  out  that  nitric 
oxide  must  play  an  important  part  in  excitation  processes  in  upper  atmospheric  spectra.  The  following 
process  is  jvostulated: 

NO  -*  O  OS)  +  N  C-'P) 

The  altitude  of  25  km,  the  height  of  maximum  ozone  concentration,  is  suggested  for  the  height  of  this  reacfjijm. 

1911 

t-:t.vt.Y,  c._T.,  syWM.s,  i>,,  v  McrnK k.'vaitiiii  J’2L"he.Nper  Lrumof  tin:  Night  >ky,”-,( strophv*.  J.  93,  337  (19|l|l) 


In  regard  to  the  N(  >  molecule  the  authors  state  that  the  spectrum  of  the  NO  molecules  has  usually  been 
considered  to  be  mi—ing  from  the  night  -ky.  In  the  following  table  the  authors  give  coincidences  of  night 
skv  lines  with  -y-bands  of  NO: 


X  I^ilxtratory 

X  NiRht  Sky 

(1-8).  3112 

(3110) 

(3  12).  3303 

32f)8  3  (3)  wide  difTti.Br 

(O  H),  33", 

3378  2  (31  wide  violet  edge  aharp 

(I  -K9,  3138 

3IWI  1  (2)  narrow 

u 


It  is  stated  tli.it  tlw  presence  of  tin-  3-hand*  of  NO  in  the  night  sky  i*  not  ascertained.  nor  ha*  it  been 
excluded.  Tlie  excitation  jsitential  i*  0.6  volt*.  The  7  -hand-  give  coincidence*  a*  listed  in  the  abme  table. 
However  not  too  much  Height  should  be  given  to  these  coincidence*.  The  excitation  jMitential  required  is 
5. a  volts. 

1912 

EI.VKY.  o.  T..  "The  Light  of  the  Night  Sky.”  /fee.  Mml.  /*lm.  1 1,  1  ft)  (1912). 

This  is  a  pu|>er  |*re*ented  at  the  Conference  on  Speelro»eopv  held  at  the  L  niversitv  of  ('.liicago  22  25 
June  1912.  The  author  states  that  in  the  short  wavelength  region  in  the  *|>ertruni  of  the  night  skv  most  of 
the  radiation*  have  been  accounted  for  except  for  the  strongest  band  in  the  ultraviolet  rcino  which  is  still 
somewhat  uncertain.  These  radiations  are  all  associated  with  molecules  and  none  with  atoms.  The  nitricen 
molecule  is  the  principal  contributor. 

In  regard  •>  the  oxides  of  nitrogen  Flvey  states  that  only  one.  NO.  seems  to  have  any  probability  ol 
being  represent i  d  in  the  spectrum  of  the  non-|Mib:r  aurora.  Both  the  3-hand*  and  the  7 -hand*  of  NO  may 
be  present.  The  excitation  potentials  for  these  are  5.6  and  5.5  volts.  res|>eetivelv. 

In  summarizing  the  paper  the  spectrum  of  the  uon-polur  aurora  indicates  that  the  following  excited 
.  atoms  ami  molecules  are  present  in  the  upfier  atmosphere: 

(1)  'S  and  'Di  states  of  oxygen. 

(21  5P  state  of  sodium. 

(5)  The  A  J2,  B  SII.  A  'II  states  of  the  nitrogen  molecule. 

(4)  Probably  the  A  and  the  B  2II  states  of  the  NO  molecule. 

(5)  B  state  of  the  oxygen  molecule. 

(f>)  Certain  excited  states  of  the  water  molecule. 

BAMFOHD,  r..  it..  "Photochemical  Processes  in  an  Oxygen-Nitrogen  Atmosphere.  IV.  .Nitric  Oxide,”  Reports 
Prog.  Rhys.  9,  80  (1942-43). 

The  absorption  s|>ectrum  of  NO  consists  of  a  number  of  band  systems  from  X  2250  A  to  shorter  wave¬ 
lengths.  There  is  no  evidence  of  a  continuum  down  to  about  X  1300  A. 

Reference  is  made  to  photolysis  studies  of  nitric  oxide  by  Macdonald  (1928),  and  Flory  and  Johnston 
U935).  It  was  shown  bv  Flory  and  J  nhnston  that  tin-  rate  of  decomposition  was  independent  of  the  pressure 
of  NO,  or  added  inert  gas  (Nj).  The  effective  wavelength  is  1832  A  at  low  pressures  (j-baiid),  while  above 
33  mm  Hg  the  wavelength  1849  A  (3-band)  becomes  important.  At  low  pressures  the  following  process 
occurs: 

NO  +  he  —  N  +  O 

This  reaction  requires  about  122  keai,  corresponding  to  a  w  avelength  of  about  2320  A.  -  -  - . 

PEARSE.  R.  tv.  B.,  "The  Sfiectrum  of  the  Night  Sky,”  Reports  Prop.  Pliv.s.  (Condon)  9,  42  (1912-43) 

Apart  from  the  atomic  lines  in  the  spectrum  of  the  night  sky.  probably  mo*t  of  the  remaining  radiations 
are  due  to  molecules.  In  regard  to  the  presence  of  nitric  oxide  in  the  spectrum  of  the  night  sky  the  author 
state*  that  the  bands  of  the  7  system.  A  —  X  !If.  of  NO  are  degraded  to  the  violet.  The  system  is  readily 
obtained  in  the  laboratory  in  a  discharge  tube;  however. all  tlie  strongest  band*  are  too  far  to  the  ultraviolet 
to  prov  ide  a  sensitive  test  for  NO  in  the  night  sky.  The  degree  to  which  night  sky  bands. of  approximate  to 


oh-i-rxid  bands  in  t h<*  two  ri>lrin>  iif  NO  arc  gi » ill  in  Table  1  in  the  p.i|*-r  together  with  other  molecular 

•  iill-tltinot-. 

FKH  x%.  * .,  *'Ah-i-rptioii  >jici  tra  and  Absorption  Coefficients  nf  Atmospheric  Ca-e*,’’  Kr/xtrU  I'roff.  Phyt. 
(Izmdim  i  9,  10  ( 1012  t-'li. 

Tin'  object  of  the  pre-cut  pa|n-r  i»  in  rex  if"  t lie  work  on  tin-  electronic  e|M-ctra  ami  absorption  rncflitiruti 
of  I  tie  atum-plu-rii  ga»c*.  Tin-  following  oxides  of  nitrogen  art-  considered:  ,N(<  t,  NO,  NOj,  NjOj,  N|Ok,  anil 
No,. 

Nilrii-  oxide  max  be  unite  an  ini|>or(.int  atmospheric  constituent.  since  it  in  formed  from  the  photo- 
dissociation  of  nitrous  oxnli-.  ami  hx  tin-  ii-ai-tioii  of  nitron-  oxide  molecules  with  oxygen  in  the  presence  of  a 
tlnnl  ImmIx.  AI-o  any  nitrogen  ill  ix.’di-  Nl»,  |>rt--*'iit  in  the  atnio-|>ln-ri-  in  likely  to  In*  converted  to  nitric 
oxnle,  e-peciallx  during  daytime.  l  ln-  I  tllowing  reaction  i*  probable  with  high  light  intensities  anil  low 
pressure*. 

NO,  —  NO  +  O 

According  to  l.eif-on  (  ln/mpAx*.  J.  i  T3  (1926i,  tin-  absorption  spectrum  of  nitrir  oxide  begins  at 
2.’ To  A.  In  the  neighlmrliooil  of  X  I  199  A  which  corn- sjxmd*  to  the  first  ionization  potential  for  NO,  9.1  ev 
the  bamls  are  weaker  anil  rrowileil  together 

The  author  states  that  tln-re  is  no  phi  t  ionization  rontiniiiim  here  anil  little  absorption  to  shortrr  wave- 
length-.  V  m*i  hani»n»  is  suggeste  I  in  x-liiel  tptiogen  rnoleenles  ronihinr  with  oxygen  atoms  to  yield  nitrous 
oxide.  The  latter  gixes  nitrii-  oxiil  eitln  *»y  photo'-liemii-al  decomposition  or  by  collision  with  an  oxygen 
atom  in  tin-  presence  of  a  third  body.  Hie  nitric  oxide  tbn-  formed  decimijMwes  photocbemically  to  give 
molecular  nitrogen  and  oxvgen. 

I9M 

irxxiMix,  x.  c;..  xmi  t*nx>v.  xx.  "The  Dissociation  'Energies  of  CO,  N’,.  NO,  and  f’..\,”  Proc.  Roy.  Soc. 
ll.imd.mi  t  IRA.  ATI  il'ftll. 

In  this  conuiiiiriii-atiim  the  authors  state  that  no  previous  set  of  values  of  the  dissociation  energies  of 
( .( I.  N;.  N<  t  ami  < !  \  can  be  regain,  da*  satisfactory  unless  violations  of  the  non-cro-sing  rule  are  postulated 
as  po—ible. 

The  Hirge.SfMmor  extrajMi!  ition  i-  di-i’ia--ed.  Ity  this  methiwl  when  a  number  of  vibrational  energy 
levels  of  a  molecular  Tate  arc  known.  i-\ir.  |Milali.in  of  tli-'-c  level-  to  the  convergence  limit  correlated  with 
tin-  energx  of  ill— in  ,ai,on  oi  that  p;.  ticular  s:j'-  i-  po-«ible.  The  authors  conclude  that  there  is  little 
ex  idem-e  that  this  mi  -.rod,  wln-re  made  with  rea»on  i*  le  care,  would  be  seriously  in  error  for  ground  electronic 

states. 

The  non  •  ro— in;,  rub-  of  ilm  d.  and  .Vwin-nn  and  Uipn-r  ( Phy ».  /..  AO,  4f)T  (1929))  is  discussed  and 
illustrated.  In  regard  to  the  ih-  -c  .  .tom  of  nitric  oxiile  it  is  linked  with  that  for  nitrogen  and  oxygen  by 
tbi-rmiN  lii-nin  al  data  a-  •  nrd>.  •:  -a  -iiow  -ky  and  Oo-sini  ("The  '•'hermo-chemistry  of  the  Chemical  Sub- 

stance-.*  New  lurk.  !><-i'ihnM  (19.16;  :. 

2 '  6-  ..  v,  +  ()j  +  t  i;7  ev 

Takmg  I)  ">.982.  ...  d  !;'N;i  9.16',  ttie  value  of  D(NO:  -•  6.19  is  obtained  as  compared  to  the 

lowi  r  xahu-  of  .1.29  gixii.  by  lier-berg  (1939). 
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t.avdon  yPinc.  /Vn.«.  Sr.  (landon'  56',  1 60  (I9U)|  ha*  Mutlinl  the  several  band  system*  emitted  by  NO 
and  drew  up  | h ili’ii l u I  i‘iirrp\  run  e*  for  all  (hr  known  rlrrtronir  state*.  Ttir  new  valor  l)t  \l  >  in  llir  present 
p.t|rT  lie*  ju-t  almx r  all  tlir  know n  enrrgv  l«- \ rU  for  (hr  J,  y  and  i  *y  stem*.  The  non-crossing  rulr  in,  accord* 
uiglx.  not  ,ii  I  nail  v  violated  which  would  lie  ddlicult  to  reconcile  for  the  low  value  5,?!  of  llcrzherg  for  l)  (NO)- 

Ml  illHu  M,  HU  ll  v  H  li,  *'\licroi|eteriniiialion  of  Nitric  Oxide  ill  t!a*e*,”  .Inti/,  (him.  16,  7<i6  (1914). 

Sun  e  nitric  oxide  i*  insoluble  and  generally  inert  in  character  the  method  of  determination  involve* 
a  ptrluninarv  oxidation  to  the  more  soluble  nitrogen  dioxide.  The  metluMi  derrrihed  in  thin  pajier  consisted 
in  p.t»*ing  the  ga*  through  an  alkaline  permanganate  solution  in  a  *|teciallv  designed  scrubber.  'Die  nitrogen 
dioxide  obtained  from  the  oxidation  wa»  analyzed  by  the  micro  Devanla  metboil  which  is  descrilied  by 
K  •••o  lb.idi  in  the  pajier  immediately  preceding  (  ln<R.  (.hem.  16,  764  (1940). 

Devarda"*  allox  reduce*  the  nitrogen  dioxide  to  ammonia  which  in  absorbed  in  liorie  acid  and  titrated 
x* 1 1 h  *'.i*l  N  III  I  lo  bromocrcMil  green-methx I  red  end-|Miint.  Description*  of  the  e\|M-rimental  apparatus, 
procedure.  precision  and  accuracy,  interfering  *uh-lancrs,  and  calculation*  an-  given  in  detail.  For  the 
login  -t  preci-ioii  and  accuracy  the  sample  should  lie  large  enough  to  contain  not  le**  than  0,25  ing.  of  nitric 
oxide.  I  he  method  ha*  an  accuracy  and  precision  of  99.0  percent. 


1946 

bxti  *.  n.  r.,  v mi  xtt«rY.  it.  a.  ».,  "The  Ra*ir  Reaction*  in  the  Upper  Atmosphere.  I,"  Proc.  Roy.  Soc. 
i  l.ondon  i  \  l«7,  261  ( 

In  tin-  paper  the  author*  di-eu-.  the  fundamental  processes  that  might  be  involved  in  the  properties 
ol  the  upper  almo-phcre.  the  ionosphere  and  the  night  »ky  emission.  It  i*  stated  that  various  diatomic 
.impound*  oi  oxygen  and  nitrogen  might  be  expected  to  occur  in  the  up|ier  atmosphere. 

Hand  enn— ion*  arising  Imiu  nitric  oxide  have  been  reported  in  the  night  sky  spectrum.  The  authors 
-tale  that  there  i*  evidence  of  the  emission  of  the  Schumann*  K  tinge  band*  (H  3ii  —  X  ’i.’)  of  ()*,  and  jiossibly 
the  .i  It  II  -*  X  -II)  and  •>  (A  —  X  :II)  band*  of  NO.  There  are  a  number  of  unidentified  band* 
a  rather  -troiig  one  at  X  3556  A. 

vvmii.i  t- x.  it.  v.  D.  H.,  ’  I  he  Mei-hanisut  of  Ionospheric  Ionization,”  Pror.  Roy.  Soc.  (I.nndon)  A  18T,  414 
I 'MO  . 

In  thi*  paper  the  author  discusses  available  mechanism*  for  the  production  of  electron*  in  the  E,  F| 
ami  I  region-  of  the  iono-phere.  Among  other  source*  of  electron*  in  the  Ft  layer,  nitric  oxide  is  briefly 
ili-eii— ed.  _ , 

I  he  fir-t  ionization  potential  of  nitric  oxide  i*  9. 1  V,  but  the  ionization  continuum  ha*  not  been  observed 
by  Price  1913  1  he  examination  of  the  Nj  absorption  spectrum  with  high  di-persion  by  Worley  and  Jenkin* 

!  /*/'.'«.  Rer.  51.  30 1  (1938,1)  revealed  an  ionization  continuum  at  the  first  ionization  potential  which  was 
at  one  time  thought  not  to  exist,  or  according  to  Price  and  Collins  ( Phys .  Rev.  48,  Tit  (1935))  thought  to 
be  very  weak. 

It  may  be  -uppo-ed  that  higher  dispersion  may  reveal  a  continuum  for  NO.  A  single  band  in  the  spec- 
trum  of  NO  ha*  been  ob-erved  by  Duflieux  and  (irillet  ( Compt .  rend.  202,  9.37  (1936);  205,  39  (1937)). 

I  he  band  head  i-  at  .i999  A.  If  this  band  i*  a  tran-ition  to  the  ground  state,  the  second  ionization  potential 
of  NO  i,  at  11.2  V. 
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Nitric  «\i<lc  would  be  distributed  exponentially  with  height  in  an  isothermal  atmosphere  in  which  there 
is  no  change  in  the  intensity  of  photodi—ociating  radiation.  The  eoneentration  of  NO  in  the  actual  u  linos - 
pliere  will  accordingly  be  on  an  e\|s>nential  rune  at  great  heights  at  which  both  ()5  anil  N,  are  highly  dis- 
sociated.  I he  population  of  Nt 1  will  tall  oil  from  this  curve  at  ju-t  that  |M>int  where  absorption  of  the  radia¬ 
tion  which  dissociates  Ns  hep-ins  to  lie  appreciable.  This  may  lie  e\|ieetcd  to  occur  at  alioiit  the  altitude  of 
the  F|  region. 
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BtTtS,  i).  H.,  AMI  MASSKY.  II.  s.  w.,  'The  Hasic  Heactions  in  the  Fpper  Atmosphere.  II.  The  Theory  of 
.  Recombination  in  the  loni/cd  l.ayers.”  I'roc.  Roy.  >«c.  (I.ondoii)  A  192,  1  1 1947). 

In  discussing  the  dissociation  of  molecular  nitrogen,  the  effect  dissociative  recombination  would  have 
in  producing  atomic  nitrogen  is  considered.  I  bis  is  probably  diflicult  to  achieve  by  the  direct  action  of 
radiation. 

The  mean  rate  of  formation  of  nitrogen  atoms  in  the  region  of  the. upper  layers  ittav  be  of  the  order  of 
Id  to  100  cc.  sec.  The  formation  of  molecular  nitrogen  is  mainly  by  a  three-body  process,  the  coefficient 
for  this  process  is  unlikely  to  be  greater  than  lO'11  cm*  sec.  Since  the  total  particle  density  is  only  of  the 
order  of  1010  to  10"  at  these  altitudes,  equilibrium  nitrogen  molecules  would  be  almost  completely  absent. 

This  effect,  the  authors  state,  may  have  to  he  taken  into  consideration  in  the  study  of  the  formation  of 
oxides  of  nitrogen.  The  most  frequent  collision  a  nitrogen  atom  is  likely  to  encounter  is  one  involving  an 
oxy  gen  atom  which  would  lead  to  the  formation  of  nitric  oxide.  Nitric  oxide,  which  is  not  readilv  destroyed, 
may  be  an  important  constituent  of  the  upper  atmosphere.  Klvey,  Swings  and  I.inke  (Astrophvs.  J.  93, 
33.  (1911),  and  I  rice  ( /(* '[Hirts  Prop.  Phys.  9,  10  (1912  13))  have  discussed  evidence  for  the  presence  of 
nitric  oxide  in  the  upper  atmosphere. 


19W 

('•  ilbkht,  >ATI!AN.  AM)  DA  ,MtLs.  fahkimjton, "Fixation  of  Atmospheric  Nitrogen  in  a  Gas  Heated  Furnace,” 
InJ.  Lnp.  Cheat.  40.  1719  23  ( 1 9  U5 1 . 

Nitric  oxide  is  produced  by  heating  air  above  2000T  and  chilling  it  very  quickly.  In  the  following  table 


Kquilihrium  Concentration  of  Nitric  Oxide  in  Air 


Temperature 

K. 

Kr 

atmrtH  X  IQ4 

20%  Or 

Volume  percent  NO 

- 10%  o, 

5%0, 

1800 

1.21 

0.44 

0.31 

0.22 

1900 

2.31 

0.61 

0.43 

0.31 

2000 

4.08 

0.81 

0.57 

0.40 

2100 

6  86 

1.05 

0.74 

0.53 

2200 

11.00 

1.33 

0.94 

0.67 

2300 

16.90 

1.64 

1.16 

0.82 

2100 

23.10 

2.00 

1.42 

1.00 

2300 

36  00 

2.40 

1.70 

1,20 

2600 

50.30 

2.8  4 

2.01 

1.42 

2700 

68.70 

.3.32 

2.34 

1.66 
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the  equilibrium  concentrations  of  nitric  oxide  in  air  are  given.  For  the  reaction, 

Ni  +(*i-»  UNO 

the  equilibrium  constant,  K, 

/>v/ 

P\,  +  Po,  j 

has  been  calculated  accurately  from  spectroscopic  data  by  Giauque,  W.  F.  and  Clayton,  J.  U.  (J.  A mj. 
Chrm.  Sue.  St,  1731  (.1932;). 


oloceeh,  t;.,  "The  Heat  of  Dissociation  of  Nitric  Oxide,”  J.  Chem.  Phys.  16,  604  (1948;. 

In  this  study  of  tbe  beat  of  dissociation  of  nitric  oxide,  the  author  gives  the  value  6.49  ev  on  the  basis 
of  comparison  of  the  series  CO,  NO,  Oj,  OF,  its  band  spectrum  and  the  photochemical  dissociation  of  nitric 
oxide. 

NICOLET,  M.,  "Deductions  Regarding  the  State  of  the  High  Atmosphere.  The  Kmission  Spectra  of  the 
Night  Sky  and  Aurorae,”  Phys.  Sue.  (London),  pp.  36-48  (1918). 

In  a  paper  read  at  the  International  Conference  on  "The  Emission  Spectra  of  the  Night  Sky  and 
Aurorae”  held  under  the  auspices  of  the  Gassiot  Committee  of  the  Royal  Society  in  London  July  1947, 
Nicolet  gave  a  discussion  of  the  principal  processes  resulting  from  photodissociation  and  photoionization. 
The  following  reaction  mechanisms  were  given  for  nitric  oxide. 

N  +  0,  +  M  —  NO.  +  M  +  hr  —  NO  +  O  +  M  (1) 

N  +  O  +  M  —  NO  +M  '  (2) 

N  +  O-  ;  -  NO  +  c  (3; 

From  the  above  reactions  the  conclusions  were  that  in  the  presence  of  atomic  oxygen,  NO  is  formed. 
The  NO  molecule  is  photoionized  by  the  following  processes. 

NO  +  hy  (X  <  1300  ±  is  A)  —  NO+  +  e-  (4) 

NO+  +  hv  (X  <  1312  ±  13  A)  —  N  +  <)+  .•  (3) 

NO  and  Oj  are  considered  to  characterize  the  atmospheric  range  of  the  K  region.  1  he  author  states  that  if 
the  absorption  coefficient  for  the  photoionization  of  ( >,  i.  higher  than  the  coefficient  for  the  photodissociation 
the  E  layer  is  formed  under  the  influence  of  photo.phcric  radiation 

1000  J  )  ^  910  A.  NO  is  ionized  by  the  radiation 
1300  £  X  ^  1000  A  below  the  E  layer. 
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BlHAVD,  e.,  OBERl.Y,  j.  avd  Toi'SEY,  R.,  "Analysis  of  the  First  Rocket  Ultraviolet  Solar  Spectra,” 
Astrophys.  J.  109,  1-16  (1919).  . 

In  this  pajK-r  the  solar  spectra  from  Y-2  (lights  on  10  October  1916,  and  >  March  191,  arc  analyzed. 
I  he  spectral  region  from  2900  \  to  220*1  A  hitherto  unob-erved  was  found  to  he  intensely  complex.  I  be 
structure  between  22'MI  \  and  2300  A,  the  authors  -tale,  could  not  1m-  interpreted  in  term-  of  atomic  line- 
and  may  be  eau-ed  bv  atino-pheric  bands  of  NO. 

Reference  is  made  to  the  work  of  la’if-on  {.istrophv*.  J.  6.3,  ,3  (1926)  -  who  showed  that  a  layer  of  NO 
only  0.3  mm  thick  at  N.  T.  I',  produces  appreciable  absorption  in  the  strong  band  centered  at  2201  A.  I  he 
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author*  state  that  although  it  was  not  the  purjHise  of  their  j>aj>er  to  analyze  the  |>o**ihle  hand  spectra,  the 
band  of  NO  centered  at  2264  A  doe*  exist.  In  Figure  4C  in  the  pa|ter  den*itometer  tracing*  of  the  *olar 
spectrum  taken  at  35  kin  10  October  1016  ire  shown.  At  thin  altitude  the  re*idual  atiilo*|ihere  above  the 
spectrograph  was  equivalent  to  about  5  meter*  of  air  at  N.  T.  1’.  An  average  concentration  of  only  0.01 
percent  of  NO  in  the  outer  atmo*phere  would  he  detectable. 

MASSEY,  H.  s.  UOYLE,  F.,  LOVF.i  t..  a .  c.  b..  FlMiuv,  J.  H„  FT  4L.,  "Ionization  in  the  Karth’s  Upper  Atmos¬ 
phere.  A  Geophysical  Discussion.  University  of  Manchester,  Fngland,  2  July  1919,"  Observatory  69, 
185  (1919). 

In  this  geophysical  discussion  of  the  ionization  in  the  earth’s  upper  atmosphere  it  is  stated  that  the 
D  layer,  attributed  to  the  ionization  of  nitric  ovide 

NO  -»  NO*  +  e~ 

is  not  a*  easily  explained  as  the  formation  of  the  F,  layer  which  was  considered  to  he  due  to  the  photoioniza¬ 
tion  of  atomic  oxygen.  With  re*jieet  to  nitric  oxide  it  was  considered  very  unlikely  that  radiation  ehergv 
greater  than  7  ev  could,  penetrate  to  the  depth  of  the  D  layer  which  would  be  necessary  to  photoionize 
NO  at  this  level. 

NICOLET,  M.,  "Le  Probleme  des  Regions  lonospherique,”  "The  Problem  of  the  Regions  of  the  Ionosphere," 
J.  Geophys.  Research  54,  373  (1919), 

The  effects  upon  Oj,  0«,  O,  Na,  HjO  vapor.  N-,  N,  NO  and  lie  are  discussed.  Since  it  is  impossible  to 
determine  a  priori  the  vertical  distribution  of  the  neutral  constituents  in  relation  to  temperature  which  is 
not  well-known,  we  must  none  the  less  recognize  the  role  of  the  photodi**ociation  of  ()-,  the  maximum  of 
which  is  accompanied  by  a  maximum  concentration  of  O  at  about  105-1 10  km  in  the  middle  latitudes.  The 
presence  of  the  nitrogen  atom  in  the  up|M-r  atmosphere  is  beyond  doubt,  since  its  forbidden  transitions  are 
observed  in  the  polar  aurorae  as  well  as  in  the  aurorae  of  the  lower  latitudes. 

From  processes  of  recombination  occurring  in  the  rrgion  of  O*  dissociation  one  may  infer  the  formation 
of  NO  which  may  play  some  role  in  the  absorption  of  solar  radiation.  It  should  he  remembered  that  even 
with  atomic  nitrogen  present  inolerular  nitrogen  does  not  undergo  such  complete  dissociation  as  Oj  because 
Ni  bands  are  observed  up  to  the  highest  altitudes. 

The  upper  atmosphere  begins  with  photodissociation  of  molerular  oxygen  which  is  accompanied  by  the 
dissociation  of  Nj  and  the  formation  of  NO. 

19.50 

BATES,  d.  R.,  and  NICOLF.T.  MARCEL,  ’  Absorption  Cross-Sections,”  J.  Geophys.  Research  55,  306  (1950). 

With  reference  to  nitric  oxide  the  authors  state  that  although  the  amount  of  nitric  oxide  in  the  atmos¬ 
phere  is  unknown,  it  is  probably  present.  The  evidence  for  this  is  that  NO  is  one  of  the  photodissociation 
products  of  NjO.  The  latter  is  a  known  constituent  'of  the  atmosphere  and  is  probably  more  abundant  than 
ozone.  No  determination  of  the  associated  cross-section  for  NO  has  been  made.  It  is  stated  that  there  is 
insufficient  data  to  calculate  the  attenuation.  However,  it  was  thought  to  be  unimportant  since  solar 
radiation  has  been  found  from  rocket  experiments  to  penetrate  to  at  least  the  70-km  level. 
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bates,  O.  It.,  and  SKATON,  M.  J..  "Theoretical  Consideration*  Regarding  the  Formation  of  the  Ionized 

Layer*,"  Proc.  Phyt.  Soc.  (London)  63  It,  129.(1950). 

In  addition  to  other  mechanism*  involved  in  the  formation  of  the  F.  F|,  F;  and  i)  layer*  hv  solar  ultra¬ 
violet  radiation,  the  photninnization  of  nitric  oxide  (NO)  is  discussed.  The  authors  state  that  it  is  not 
unlikely  that  nitric  oxide  is  an  iin|M>rtant  constituent  of  the  iqqier  atmosphere. 

As  evidence  for  this,  reference  is  made  to  report*  lay  Price,  and  by  Sutherland  anil  Callcndar  ( Hr/wrls 
Prof!.  Phv 0,  10.  IK  (1012  43)).  There  is  also  reason  to  hclieye  that  atomic  nitrogen  along  with  atomic 
oxygen  occur*  in  the  iqqier  atmosphere.  Nitric  oxide  would  lie  formed  hv  chemical  action.  The  work  of 
Durand.  Oberly  and  Tousey  (.tstrnphss.  J.  1(8),  1  (lOIOit  i*  also  cited  as  |tos*ibly  direct  confirmatory  evi¬ 
dence  of  the  occurrence  of  nitric  oxide  in  the  up|icr  atmosphere.  Thes«•  investigators  observed  in  the  spec¬ 
trum  of  the  sun  taken  during  a  rocket  flight  to  a  height  of  55  km  a  broad  band  lying  between  X  2200  A  and 
X  2300  A.  They  suggested  that  it  might  be  caused  by  absorption  by  atmospheric  nitric  oxide.  If  this 
interpretation  should  prove  to  be  correct  the  numticrof  NO  molecules  above  the  35  km  level  must  be  of  the 
order  10“  on5  column. 

The  authors  state  that  lack  of  data  makes  it  inqiossible  to  investigate  the  photoionization  of  nitric 
oxide  sufficiently  quantitatively  to  establish  if  it  is  rc*|H>n*ible  for  the  formation  of  the  D  layer.  In  con¬ 
sidering  the  possibility,  the  following  assumptions  and  conclusions  are  given. 

(1)  Consistent  with  a  total  NO  content  of  10’  * .cm*  column  the  authors  take  rt(\())7ikm  to  be  2  X  W'/cm’ 
and  n(NO)*km  to  be  4  X  1010,  cm’. 

(2)  The  cross-section  for  the  process 

NO  +  hv  -i  NO*  +  e- 

i*  low  according  to  Price  (1942-43).  The  authors  arbitrarily  adopt  a  value  of  5  X  10"-'"  cm3. 

(3)  A  temperature  of  6<HM)°K.  for  black  body  radiation  is  adopted. 

From  the  work  of  Preston  (Phv*.  We r.  57,  887  (1910)  >  and  of  llopfiehl  ( Astrophvx .  J.  101,  208  (1916)) 
tin*  atmosphere  is  treated  as  opaque  except  for  two  groups  of  windows:  (a)  in  one,  containing  L„  and  of  5  A 
width,  the  absorption  cross  section  is  about  2  X  10  :i  rm:,  (b)  in  the  other,  20  A  width,  the  absorption  cross 
section  is  5  X  10t51  cm1.  This  gives  a  photon  flux  at  75  km  as  about  1  X  10’  cm5,  sec  and  that  at  90  km 
about  2  X  10"',  cm5  sec.  .  j 

Combining  (!),  (2)  and  (3)  i 

n(N(jt  jkm  ^  10  cm’/sec 
n(N'd)oi(m  =*  40  cm5, 'see 

Since  these  rates  are  considerable,  it  may  be  that  the  photoionization  of  nitric  oxide  actually  does  yield  the 
major  part  of  the  ordinary  D  layer. 
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Bt  NITKZ,  l.  E-,  a.nd  pen.ner.  s.  s.,  ’’The  Emission  of  Radiation  from  Nitric  Oxide.  Approximate  Calcula¬ 
tions,"  J.  .-ipplird  Phv s.  21,  907  (1930). 

Nitric  oxide  at  elevated  temperature*  is  encountered  in  many  solid-fuel  and  liquid-fuel  rocket  motors. 
Because  of  this  the  determination  of  emissivity  of  nitric  oxide  as  a  function  of  temperature  was  studied. 
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Nitric  oxide  is  one  of  the  diatomic  molecule*  which  may  contribute  to  radiant  heat  transfer  in  high 
pressure  combustion  chamber*.  Fmi**ivity  calculation*  for  nitric  oxide  at.  tenq>erature*  from  300°  K  to 
3000°  K  were  carried  out. 

In  Table*  I  and  11  in  the  paper  the  rc*ult*  of  effective  hand-width*  for  the  fundamental  and  the  first 
overtone  of  NO  a*  a  function  of  tenqierature  arc  li*ted  for  two  different  values  of  Jm„  at  each  temperature. 
From  the  data  in  these  table*  the  limiting  rmi*-ivitie*  were  calculated. 

FEAST.  M.  tv.,. ''Two  New  System*  due  to  the  Molecule  NO."  Can.  J.  Rt’trarch  28  A,  488  (1930). 

In  this  paper  the  author  ha*  reported  hi*  experiment*  on  the  emission  band  system  at  6000  A  found  in 
discharges  in  flowing  NO;  and  attributed  to  NO  by  Jausserant.  Orillet,  and  Duffieux  ( Compt .  tvnd.  203,  39 
(1937)).  The  experimental  arrangement*  and  apjiearatice  of  the  sjiectra  in  the  discharge  tube  are  given. 

The  analv *is  of  the  <>< MtO  \  band  system  and  the  analysis  of  the  1 1.000  A  band  system  of  NO  are  dis¬ 
cussed.  The  1 1.000  A  band  wa*  photographed  in  the  lir*t  order  of  the  21-foot  grating  (2.64  A  mm  at  11, (MM)  A) 
and  measured  against  Fe  arc  lines  in  the  overlapping  third  order. 

The  emission  band  svstem  at  61100  \  was  shown  to  be  due  to  K  5ii+'  (a  new  level)  — »  A  (the  upper 
state  of  the  y  system)  of  the  NO  molecule.  The  band  system  at  11,000  A  corresponding  to  the  transition 
D  •£‘f  (upper  state  of  the  t  system  of  N< ))  — »  A  5«+  was  also  observed. 
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bates,  d.  h.,  "The  Temjicraturc  of  the  l  p[>er  Atmosphere.”  Pntc.  Phvs.  Sac.  (London)  64  B,  803  (1931). 

In  this  paper  Hates  consider*  the  heat  gain  and  heat  loss  processes  in  order  to  determine  if  the  high 
tenqierature  of  the  atmosphere  in  the  F  legion*  is  consistent  with  currently  accepted  theories  on  the  iono¬ 
sphere.  Thermal  equilibrium  in  the  F  layer*,  rate  at  which  energy  is  gained  from  ionizing  photons,  and 
various  loss  processes  are  examined. 

Conduction  and  probably  emission  by  the  magnetic  di|iole  connecting  the  two  low  levels  of  the  ground 
term  of  atomic  oxygen  are  found  mo-t  effective.  The  energy  source  however  ap|>car*  inadequate  to  maintain 
the  high  temperature  in  the  upper  atmo-phere.  Sufficient  energy  might  he  supplied  either  by  hand  ab¬ 
sorption  by  nitric  oxide,  or  by  incoming  interstellar  matter. both  of  which  does  not  appear  attractive. 

In  respect  to  jiolyatomic  molecules  which  are  considered  to  be  extremely  rare  at  great  altitudes  owing 
to  photodi'sociation.  emi— ion  from  carbon  monoxide  (CO)  and  nitric  oxide  (NO)  is  discussed.  If  there 
is  a  Boltzmann  distribution  among  the  vibrational  levels  of  a  constituent  X.  the  rate  of  radiation  of  energy 
in  the  1  — >  0  transition  is  given  by  the  following  expression: 

Rl  (X)  —  /(X)  N  e/exp  (-«,*'  kT)  A,-/ 

where  /(  X)  is  the  fractional  concentration  of  the  constituent,  ttl  is  the  excitation  energy  and  Au>  is  the 
FJinstein  coefficient. 

The  Fin-tein  coefficient  for  a  vibrational  tran-ition  in  a  molecule  conqio*ed  of  atoms  of  different  nuclear 
charge  i*  usually  high,  and  a-  a  re-ult  the  emission  of  -uch  substances  a«  carbon  monoxide  and  nitric  oxide 
may  be  significant. 

I  lie  rate  of  population  of  the  first  vibrational  level  by  inelastic  collisions  is  considered.  This  rate  is 
expressed  by  /  X)  .V  k  exp  {  —  </  kT)  where  K  exp  (  —  «i  ,  kT)  is  the  coefficient  associated  with 
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the  excitation  mechanism.  \  is  CO  or  NO.  For  CO  «i*  is  0.27  ev  and  for  NO  «iV  in  0.23  ev  (Herz- 
her;;  ( 19.30 1  "Molecular  Spectra  and  Molecular  Structure—  Diatomic  Molecules,”  2d  Kd.,  N.  V-,  D.  V’un 
Nostrand).  The  emission  rate.  R1  (X)  can  be  taken  to  be  the  same.  W  hen  the  temperature  is  1500°  K  it 
may  he  seen  that  for  either  substance  !{'  (X)  K*  (O)  ^2  X  10* /(X)  NK.  Since  it  is  very  difficult  to 
convert  translational  energy  into  v  ihrationai  energy,  the  value  of  K  is  extremely  low.  A  value  of  10~14  cm*/ 
sec  which  corresponds  to  an  efficiency  of  about  2  X  111-1,  collision  can  be  adopted  without  serious  under¬ 
estimation.  R1  (X)  R*(0|  —  6  X  IO;/(\)  Rk  (O)  is  the  net  rate  at  which  energy  is  lost. 

The  carbon  monoxide  in  the  up|icr  atmosphere  results  from  the  photodissociation  of  carbon  dioxide. 
Near  ground  level  /(Ct>;)  according  to  1‘aneth  (1937)  is  3  X  10~4.  As  /(CO)  can  scarcely  exceed  this, 
R'  (CO)  He  (<>)  must  lie  small.  In  the  alls*  ■nee  of  evidence  to  the  contrary  it  seems  best  to  assume  that 
nitric  oxide  is  a  very  minor  constituent  in  the  atmosphere  at  all  altitudes.  Thus  it1  (NO),  RA  (O)  is  also  less 
than  unity.  . 

bnovv  x,  c;.  m.,  "The  Airglow,"  Sri.  Progress  39,  623  ( 1 0.T  1 ). 

W  ith  reference  to  the  presence  of  the  emission  s|>erlrum  of  nitric  oxide  (NO)  the  author  states  that  the 
d-band  of  NO  in  the  ultraviolet  region  with  the  following  emission  process 

.  NO'  (II)  —  NO  (X)  '  (1) 

and  the  y-baiul  of  NO  in  the  ultraviolet  with  the  emission  process 

NO'  (A)  -»  NO  (X)  (2) 

are  possibly  present. 

Reference  is  made  to  Rates  and  Seaton  (1930)  for  evidence  that  NO  is  an  important  constituent  of  the 
upper  atmosphere.  The  following  recombination  processes  are  considered. 

N  +  N  +  X  -  N,  +  X'  (3) 

O  +  N  +  X  — >  NO  +  X'  (4) 

The  author  states  that  the  di— ociation  energies  l)(N3)  and  D(NOj  are  not  known  unambiguously. 
However.  Herzherg  and  Sponer  (1931)  gave  the  value  7.38  ev.  for  D(Nj),  and  llerzlicrg  (1939)  gave  the 
value  .3.3  ev  for  Dt.NO).  Caydon  anil  Penny  (1911)  have  given  9.76  ev  forD(Nj)  and  6.19  ev  for  DfN’O)- 

HKHZItKRC..  ‘The  Atmo-pheres  of  the  Planets."  J.  Kuv.  Astron.  Soc.  (Canaila)  13.  100  (1931). 

A  rev  jew  of  the  present  status  of  -pertm-eopie  investigations  of  tin*  earth  and  terrestrial  planets  is  given 
in  the  present  paper  hv  Herzherg.  Much  new  information  almut  the  earth's  atmosphere  has  been  derived 
from  a  studv  of  its  absorption  spectrum.  It  ha-  been  found  that  ihe  sjieetntm  of  any  celestial  object  breaks 
off  rather  abruptly  at  about  3000  A.  while  tin-  spectrum  of  a  dis  ant  light  source  on  the  surface  of  the  earth 
docs  not  break  off  in  a  similar  manner. 

The  cau-e  of  this  break-olf  is  now  known  to  be  due  to  the  ah-orption  of  the  ozone  layer  which  exists  at 
an  av  erage  height  of  23  km.  In  the  laboratory  the  ozone  ah-orption  becomes  negligible  at  about  2200  A. 
However,  in  the  earth's  atrno-phere  no  light  tran-mis-ion  below  2290  A  i»  oh-erved.  I  he  author  gives  as  a 
rea-on  for  this  additional  ah-orption  a-  probablv  the  continuum  joining  on  a  weak  ultraviolet  band  system 
of  O;  which  was  di-covcreil  hv  Herzherg  (  Xtilnru isv.  20.  377  (1932)1. 
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Rrferrnrc  is  made  to  the  solar  spectrum  studies  from  V-2  rockets  at  great  heights  above  the  ozone  layer. 
The  spectrum  was  found  under  these  condition*  to  exti  nd  to  about  2200  A  where  it  seems  to  be  sharply 
limited.  The  Oj  absorption  would  have  little  effect  at  the  altitudes  reached  by  rockets.  Since  there  is  a 
discrete  absorption  due  to  the  NO  molecule  which  under  the  low  disjtersion  employed  in  these  experiments, 
the  author  suggests  that  this  apparent  cutoff  at  2200  A  may  be  due  to  NO  if  there  is  sufficient  amount 
present  in  the  upper  atmosphere.  j 

joiinston.  Harold  s.,  and  PERRINK,  rickahd  L..  "Decomposition  of  Nitrogen  Pentoxide  in  the  Presence  of 
Nitric  Oxide.  II.  Details  at  Low  Pressures."  J.  Am.  Chem.  Soc.  73,  1782  (1931). 

The  authors  have  reported  their  studies  on  the  decomposition  of  nitrogen  pentoxide  in  the  presence  of 
nitric  oxide.  The  experiments  employed  a  22diter  flask  at  pressures  from  0.05  to  10  mm  Hg,  and  at  three 
temjwraturcs  27.0,  50.1  and  71.3°C. 

The  results  were  analyzed  in  terms  of  collisional  theories  of  the  low-concentration  limit  for  unimolecular 
reactions.  By  comparison  of  their  results  with  those  of  Hodges  and  I.inhorst  ( J .  Am.  Chcm.  Soc.  56,  836 
(1931))  who  used  pure  nitrogen  j>entoxide,  the  authors  state  that  the  second-order  rate  of  activation  at  low 
concentration  becomes  the  same  for  the  two  sy  stems. 

KRAsovskii,  v.  I.,  "Influence  of  Water  Vapor  and  Oxides  of  Carbon  and  Nitrogen  on  the  Luminescence  of 
the  Night  Sky,”  Doklady  A  bid.  .Xauk.  SSSR  78,  669  (1951). 

Among  other. mechanisms  the  following  involving  nitric  oxide  are  given. 

NO  +  O  —  NO,  +  hv 
NO,  +  O  -*  NO  +  0, 

KRASOVSKI!,  v.  I„  and  LVKASIIKNVA,  v.  T.,  "Interpretation  of  the  10,000  A  Region  of  the  Night  Sky  Spec¬ 
trum,"  Doklady  Akad.  Sauk.  SSSR  80.  735  (1951). 

The  authors  state  that  band*  in  the  9,700-10,300  A  region  previously  considered  to  be  due  to  OH  mole¬ 
cules  mav  possibly  be  due  to  N II  molecules.  The  primary  excitation  was  thought  to  involve  ternary  collisions 
which  yielded  excited  molecules  of  O,,  N*.  Oj,  NO,  and  N,0. 

MlTRA,  a.  p..  "The  D-Layer  of  the  Ionosphere,”  J.  Geophys.  Rmearch  56,  373  (1951). 

In  this  pajver  which  discusses  the  D-layerof  the  ionosphere  the  author  refers  to  Nicolet  ("Mixed  Com¬ 
mission  on  Ionosphere."  U.  R.  S.  I.  Bruxelles,  p.  50  (1918))  who  considered  that  there  are  three  elements 
operative  in  the  formation  of  the  D-region.  They  are: 

(a)  The  normal  layer  by  ionization  of  O,  at  its  first  ionization  potential  12.2  ev. 

(b)  A  layer  more  or  less  sporadic  by  ionization  of  sodium. 

(c)  A  layer  of  extra  ionization  of  NO  by  radiation  at  X  1300  A  (during  fade-out).  The  possibility  of 
radio  fade-out  (the  Mogel-Dellinger  effect)  enhancement  by  NO  is  briefly  uiscussed. 

SWINGS,  P.,  "j*|xTtroacnpic  Problems  of  Astronomical  Interest,”  J.  Opt.  Soc.  Am.  II,  153  (1951). 

In  a  brief  discussion  of  the  atmosphere  of  the  Earth  the  author  mentions  the  numerous  emissions  in  the 
ultraviolet  and  photographic  regions  which  have  been  assigned  to  the  Vegard-Kapian  system  of  N*  and  to 
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the  llerzberg  system  of  Oj.  Uoth  system*  are  forbidden  transition*.  The  following  emission*  are  among 
those  jrl  unidentified:  32t>3  (5),  3571  (7),  3622  (5),  3700  (61,  3916  (8),  ami  3969  A  (4).  The  author  raise*  the 
question  a*  to  whether  the*e  do  not  belong  to  the  forbidden  *11  — •  ’II  intercom bina tion  of  NO.  In  a  private 
rominunieation  to  the  author  Uerzl*erg  made  tliii*  suggestion. 

tanaka,  y.,  sky*,  m.,  ani*  Mom.  k.,  "Absorption  Spectra  of  Nitric  Oxide  in  the  Extreme  Ultraviolet,” 
Science  oj  Lijiht  (Japan)  1,  No.  2.  80  (1951). 

The  authors  re|>ort  the  anal) sis  of  the  absorption  spectra  of  NO  in  the  extreme  ultraviolet.  Vacuum 
spectrographs  w  ith  1-  and  3-meter  concave  gratings. respectively  were  employed.  Six  new  band  progression* 
were  found.  The  dissociation  energy  of  the  upjier  state  of  the  y-bands  was  shown  by  calculation  to  have 
values  much  lower  than  those  former!’/  accepted. 

Tanaka,  y.,  am*  sai,  T.,  "Emission  Hands  of  Nitric  Oxide  in  the  Extreme  Ultraviolet  Region,”  Science  of 
Lifiht  (Japan!  I,  No.  2,  83  (1931). 

The  emission  spectrum  of  NO  was  photographed  in  the  spectra!  region  from  2200  A  to  1430  A.  The  y 
system  and  the  «  system  could  be  distinguished.  They  were  compared  with  the  absorption  spectra.  The 
hand  systems  were  named  A,  H,  C,  D  and  E.  The  authors  concluded  that  these  are  caused  by  the  transition 
from  the  newly  discovered  excited  electronic  states  to  the  ground  state. 

V  KG  A  H  t>,  |.„  am*  G.  kviftk,  "An  Auroral  Spectrogram  and  the  Results  Derived  From  It,”  Geofyt.  Publikas - 
joner ,  or  she  l  iden*kapx-.-tkatl.,  Oslo  18,  No.  3  (1951). 

This  is  a  rcjsirt  of  the  observations  of  a  brilliant  auroral  display  during  the  night  of  23-2 1  February  1950 
at  Oslo.  The  »|tectrograpll  employed  was  a  new  one  and  compared  with  the  best  spectrographs  previously 
used  in  Norway,  the  dispersion  was  about  twice  as  large  and  the  light  power  more  than  five  times  greater- 
U  itlun  the  region  XX  6300  3880  A  of  the  spectrogram  about  1 1 1  lines  and  bands  were  distinct  and  could  be 
measured  directly  from  the  original  plate,  about  50  of  these  were  not  previously  observed.  A  great  number 
of  lines  observed  on  the  sjiectrogram  were  too  weak  to  be  measured  directly  from  the  plate.  Their  wave* 
lengths  were  determined  by  means  of  photometer  curves  of  great  magnification. 

Among  other  new  lines  and  bands  on  the  spectrogram  of  the  auroral  luminescence  the  following 
/3-bands  from  NO  were  observed.  Since  in  most  cases  these  new  bands  nearly  coincide  with  lines  and  bands 
which  are  known  to  be  present  in  the  auroral  luminescence,  their  existence  cannot  be  considered  as  proved. 
The  authors  point  that  their  observations  give  possible  evidence  for  the  existence  of  these  lines  and  bands 
of  these  constituents  in  the  auroral  luminescence.  The  following  fl-band»  of  NO  are  reported: 


Plate 

Xp 

Photometer 

Xr 

Identification 

5233.8 

$236 

NOs  (3-18) 

4913 

NOg  (3-17)  . 

4030 

NOg  (0-12) 

3961 

NOg  (2-13) 

3880. S 

NOfl  (1-12) 

The  two  number*  in  'he  parentheses  five  the  vibrational  quantum 
number*  of  the  upper  and  lower  ele-tronic  state  respectively. 
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WHrr.VAr*,  g.  c.,  hoiforp.  c.  j.,  ga>tz.  e.  at.  glair,  ami  smith,  g.  b.  i..,  "Determination  of  Nitrir  Oxide 

and  Nitrogen  Tetroxide  in  Admixture,”  .4 mil.  ('.hrni.  2.1,  461  (1931). 

A  precise  procedure  for  the  determination  of  nitrir  oxide  and  nitropen  tetroxide,  anil  tlieir  admixtures 
is  described.  The  procedure  is  based  ii|k>h  the  principle  of  absorption  of  nitrir  oxide  and  nitrogen  dioxide 
in  95  pereent  sulfurie  acid. 

Nitric  acid  and  nitrosyl  sulfuric  arid  are  formed.  The  total  nitropen  in  the  solution  is  determined 
by  means  of  a  nitrometer.  Nitrosyl  nitropen  is  ileterxnined  by  titration  with  a  solution  of  potassium 
permanpanate. 

A  description  of  materials  and  apparatus  is  included  in  the  paper.  The  procedure  and  method  of  calculi- 
tions  are  pivrn  in  detail. 


BAER,  P„  a>d  miescher,  E.,  "Band  Spectra  in  the  Schumann  Region  of  ,\0  and  Nj  with  Knrirl|ed'Nitrogen- 
15.”  Kature  169,  581  (1932).  f  1 

The  emission  spectra  of  N’IS0  were  photographed  in  connection  with  the  investigation  of  a  new  band 
system  of  the  NO  molecule  (jj'  —  X  Jr).  The  following  topirs  are  discussed:  (1)  NO  (a)  (-bands  and  (b) 
d'-bands;  (2)  NY,  and  (3)  the  New  System  found  by  the  authors.  In  Table  3  in  the  paper  the  wave-numbera 
of  the  heads  of  the  new  isotope  band  are  shown.  A  provisional  analysis  is  made.  The  t-bands  for  NO  defi¬ 
nitely  belong  to  a  new  system. 
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bates,  d.  r„  "Some  Reactions  Occurring  in  the  Earth's  Upper  Atmosphere,”  Ann.  geophys.  8,  194  (1952). 

At  the  90  and  T5  km  levels  resjiectively  n(N*)  is  approximately  7  X  1013  and  8  X  lO’V'cm1.  Durand, 
Oberly  and  Tousev  ( Astmphy s.  J.  109,  I  (1919))  observed  certain  features  in  the  spectrum  of  tl*  sun  at  an 
altitude  of  35  km.  The  region  between  X  2200  and  2300  A  gave  evidence  of  absorption  by  atmospheric 
nitric  oxide. 

If  this  interpretation  should  prove  to  be  corrcrt  from  experimental  work  by  Leifson  (1926)  the  number 
<  f  NO  molecules  above  the  35  km  level  would  be  of  the  order  of  lO'Vcm3  column.  I. 

,  The  only  other  spectroscopic  evidence  is  that  by  Nicolet  ( Phys .  Soc.  (London),  p.  105  (1948)).  Nicolet 
qalled  attention  to  striking  coincidences  between  some  of  the  auroral  emissions  and  members  of  the  0-band 
System. 

Moses  and  Wu  {Phvs.  Rev.  81,  109  (1951))  and  Bates  and  Seaton  ( Proc .  Phys.  Soc.  63  B,  129  (1950)) 
have  suggested  the  following  process  to  lie  responsible  for  the  formation  of  the  D  layer. 

NO  +  hv->  NO+  4-  e~ 

The  author  states  that  if  atomic  nitrogen  and  nitric  oxide  are  constituents  of  the  upper  atmosphere, 
nitrogen  peroxide  (NO-,1  should  also  exist.  Price  ( Reports  Prog.  Phys.  (London)  9,  10  (1912-43))  has  pointed 
out  that  the  number  of  molecules  of  NO-  present  during  the  day  must  be  less  than  3  X  10l7/cm:  column,  or 
the  characteri-tic  absorption  bands  would  be  observed  in  the  solar  spectra.  There  does  not  seem  to  be  any 
direct  positive  evidence,  on  the  occurrence  of  NO:  in  the  upper  atmosphere. 
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Mayenck,  }.,  "Absorption  Spectra  at  Low  Temperature.  Study  of  NjO  gas,  NO  gas  and  liquid,”  Ann,  Pkys. 
(Paris)  7,  4.73  303  (1932). 

In  this  report  on  the  absorption  of  nitric  oxide  therr  were  no  absorption  peaks  of  NO  in  the  s|>ec<ral 
region  4000  8.700  A.  Within  the  range  2267- 174*)  A  vibrational  peaks  are  listed.  There  are  continuous 
bands  with  (teaks  at  X  1820  A  and  X  1470  A. 

MCOt.KT,  M..  and  mange.  p„  "An  Introduction  to  the  Study  of  the  Physical  Constitution  and  Chemical 
Composition  of  the  High  Atmosphere,"  Ionospheric  Research,  Scientific  Report  Xo.  35,  State  College, 
Pennsylvania,  April  1.7,  1952,  Contract  No.  AF  19(122)-14. 

In  this  extensive  study  of  the  vertical  distribution  of  molecular  and  atomic  oxygen,  the  authors  state  in 
the  conclusions  that  below  the  K  layer,  photoionization  processes  depend  strongly  on  the  absorption  coeffi¬ 
cient  of  molecular  oxygen  in  the  spectral  region  1020  900  A. 

'The  NO  molecule,  which  is  able  to  absorb  the  Lyman-aipha  radiation,  is,  stated  by  the  authors,  an 
inqiorlant  constituent  in  the  I)  region.  The  rocket  results  and  the  photochemical  investigations  discussed 
in  this  report  seem  to  support  this  origin  of  the  D  region.  Evidence  for  this  is  the  existence  of  atomic  oxygen 
and  the  recombination  of  atomic  nitrogen  at  heights  below  100  km  which  leads  to  the  formation  of  NO. 

VEGARD,  L.,  and  e.  tonsberg,  "Results  from  Auroral  Spectrograms  obtained  at  Tromso  during  the  Winter 
of  1950-51,”  Ceo/yj.  PubliluLjjoner ,  Xurske  l  iJenskape-Akad.,  Oslo  18,  No.  8  (1952), 

During  the  summer  of  1950  the  new  spectrograph  used  by  Vegard  and  Kvifte  (1931)  during  the  night 
of  23  -21  February  1930  was  moved  to  the  Auroral  Observatory  at  Tromso.  The  plan  in  the  present  work 
was  among  others  to  obtain  strongly  exposed  spectrograms  from  which  a  great  number  of  the  weak  lines 
could  be  accurately  measured  so  as  to  check  the  wavelengths  of  the  values  previously  obtained  from  the 
spectrogram  taken  at  Oslo  23-21  February  1950. 

The  measurements  of  the  /1-bands  of  NO  from  the  spectrogram  obtained  at  Tromso  of  the  auroral 
luminescence  are  reported  as  follows: 


O#lo  (Xf) 

Tromso  (Xf) 

Identification 

5256 

5255.4 

NOa  (3-18) 

4913 

- - 

NOa  (3-17) 

4030 

4029.5 

NOa  (0-12) 

3961 

— 

NOa  (2-13) 

3880.5 

— 

NOa  (1-12) 

The  two  number#  in  the  p*renthe*e#  give  the  vibrational  quantum 
number#  of  the  upper  and  timer  electronic  Mate  respectively.  \P  value# 
were  mea«ureij  directly  from  the  plate.  Xr  value#  were  obtained  from 
the  photometer  curve. 


VIRTANEN,  AHTTIRI  I.,  "Molecular  Nitrogen  Fixation  and  Nitrogen  Cycle  in  Nature,”  Te/fuj  4,  304  (1952). 

In  the  present  paper  the  author  discusses  the  origin  of  nitrogen  oxides  in  the  atmosphere,  and  states  that 
Nj-fixation  in  the  atmosphere  is  possibly  photochemical.  The  ozonosphere,  at  altitudes  higher  than  10  km, 
is  ronsidered  to  have,  probably,  conditions  favorable  for  this  fixation.  It  is  suggested  that  ozone  oxidizes 
the  nitrogen  oxide  formed  to  nitrogen  pentoxide,  the  latter  having  been  reported  by  Adel  and  Lampland 
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(1938).  It  is  further  suggested  that  there  may  l>e  a  downward  movement  of  nitrogen  pentoxide  by  mean*  of 
rain,  while  the  rising  nitrogen  pentoxide  is  deeoinposed  by  photochemical  dissociation.  Tne  observation* 
of  Klvey  (1912)  on  the  *|>ectrai  band*  of  nitrie  oxide  (NO)  ut  altitude*  'X)  140  km  are  eited  a*  evidenee  for 
tiiiw  ineehaniiun. 

The  |H>*sihility  of  the  formation  of  nitrate  nitrogen  by  the  atmospheric  oxidation  of  nitron*  oxide  i*  a!»o 
eon*idered.  The  nitrou*  oxide  (NiO)  originating  from  the  noil,  i*  deeomj)o*ed  photoehemirally  into  N’j,  Oj, 
and  NO  by  radiation  of  wavelength  X  <  2000  \  in  the  up[>er  atmosphere.  Nitrie  oxide  (NO)  i*  further  di*- 
eoeiated  into  N'j  and  Oj.  and  may  also  be  oxidized  to  nitrogen  dioxide  (NO-)  during  it*  transport  from  high 
altitude*  to  lower  atmospherie  level*.  Consequently  nitrou*  oxide  may  be  a  sourer  of  a  part  of  the  nitrate 
nitrogen. 

The  author  expresses  the  opinion  that  the  analyse*  of  the  prrripitation  do  not  give  full  information 
coneerning  the  origin,  and  possible  participation  of  oxide*  of  nitrogen  in  the  chemical  reaction*  in  the  atmos- 
sphere.  There  is  also  needed  more  quantitative  data  about  the  different  nitrogen  compound*  present  in  all 
level*  of  the  atmosphere.  This  should  elucidate  the  nitrogen  cycle  in  nature. 

wise,  HENRY,  AND  french,  MAL'RlCE  F.,  "Kinetic*  of  Decomposition  of  Nitric  Oxide  at  Elevated  Tempera¬ 
ture*.  II.  The  Effect  of  Reaction  Product*  and  the  Mechanism  of  Decomposition,”  J.  Chem .  Phys. 

20,  1724  (1952). 

This  i*  an  extension  of  the  author**  studies  on  the  kinetics  of  decomposition  of  nitric  oxide.  In  the  first 
paper  of  the  series  (J.  Chem.  Phys.  20,  22  (1932))  the  authors  report  the  result*  of  their  investigation*  in 
using  a  quartz  vessel.  Below  1000°  K  the  decomposition  of  nitric  oxide  wa»  shown  to  be  of  a  heterogeneous 
mechanism,  and  of  a  homogeneous  mechanism  above  1600°  K. 

In  the  present  paper  the  effect*  of  nitrogen  and  oxygen  on  the  kinetic*  of  deconqtosition  of  nitric  oxide 
were  investigated.  The  apparatus  and  experimental  procedure*  were  similar  to  those  reported  in  the  first 
paper  of  the  series.  Based  upon  the  experimental  results  the  authors  give  the  following  mechanism  of  thermal 
decomposition  of  nitric  oxide. 

I.  2 NO  —  NjO  +  04  H„°  -  +35.2  kcal 

II.  O  +  NO  0»  +'  N  A  Ho”  =  +4.6  kcal 

III.  N  +  NO  —  N,  +  O  .1  II,,0  =  -47.6  kcal 

IV,  V.  0+  0(+M)  £o,(+M)  VII  =  -117.3  kcal 

The  temperature  range  was  from  980°  K  to  1912°  K.  The  research  was  carried  out  at  the  Jet  Propul¬ 
sion  Laboratory,  California  Institute  of  Technology  under  Contract  No.  DA-04-495-ODR  18  sponsored  by 
the  Department  of  the  Army  Ordnance  Corps, _ ) _ 
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B  a  kr,  p„  ami  hu  m  liKK.  K  .  '  N(  •.  N<  >  ii n < I  N»  Kmission  Sjiectra  in  tin-  Schumann  Region,”  licit  ,  phys.  .Ida 

2(1.91  110(19331. 

1  In*  autlior*  report  a  new  hand  -y  stem  (d')  of  the  NO  molecule  in  the  region  2009  1300  A  which  forms 

a  B'  (’ll)  —  \ *  11  transition.  Bauds  in  the  visible  region  were  interpreted  a  H'  (  'ii)  —  B  'll  system  of  NO. 
The  isotope  shifts  observed  in  the  ■>  and  t  hand'  of  the  NO  muteeule  definitely  show  that  these  hand'  form 
two  separate  systems.  A  newhandA'II  -  X  '2:  of  the  NO*  ion  was  found  between  1700  and  133(1  A. 

1  wo  figures  of  emi"ion  hand  s|»ectra  from  210<V  loot)  A,  and  from  1000  1330  A  are  shown  with  explana¬ 
tions.  A  bibliography  of  23  references  is  included. 

BYHAM.  B.  T.,  Oil  HU,  T.,  KHIKItMAN,  B.,  A>D  UAII.AH,  X.,  ’  Lyman-Alpha  Kadiation  in  the  Solar  Spectrum,” 

Rhys.  Ret  .  91.  1278  1 19.3.1). 

In  this  letter  to  the  editor  these  scientists  from  the  li.  S.  Naval  Research  l.alioratory  report  that  the 
intensity  of  the  l.y man-alpha  line  of  hydrogen  (X  1216  A)  in  the  solar  spectrum  was  measured  bv  means  of 
photon  counters  Hown  in  three  \eroliee  rockets.  A  continuous  telemetered  record  of  the  intensity  versus 
altitude  up  to  about  128  kilometers  was  obtained. 

Lyman -alpha  radiation  of  hydrogen  was  first  detected  at  altout  7 1  ±  2  km  (18°  20°  sun  elevation)  alti¬ 
tude  in  each  of  the  three  flights.  The  measured  solar  intensity  reported  in  this  Idler  is  0.10  ±  0.02  erg  cm-* 
sec*1  at  the  top  of  the  atmosphere  which  is  lower  than  0.1  erg  cm*-'  sec*'  the  result  reported  by  Tousey, 

M  atanabe  and  I’urcell  (Rhys.  Rev.  8.1,  792  (1931)). 

Keferenee  is  made  to  llopfield's  sjiectrogram  (tslrnphys.  ./.  101.  298  ( 1916);  which  showed  the  existence 
of  a  deep  window  in  the  ( t-  absorption  s|>cftrum  at  l.y  man-alpha,  and  also  to  the  ipiantilative  measurements 
by  ^alanahe.  Marmo  and  Inn  (Rhys.  Ret.  '8).  133  (1933)  of  the  absorption  coefficient*  in  the  neighborhood 
of  this  window. 

The  suggestion  by  Bates  and  Seaton  ( Rrnr .  /’/tvs.  Sor.  (London)  63  B.  129  (1930)1,  and  bv  Nicolet 
(Mem.  Roy.  Mdrorttl.  Inst.  (Belgium)  19,  1  (1913))  that  absorption  of  Lyman-alpha  radiation  (II  Lj  by  NO 
may  produce  the  observed  D-layer  ionization  is  also  alluded  to.  The  authors  state  that  the  present  rocket 
data  do  not  exclude  this  possibility.  I  f  it  is  assumed  that  the  contribution  of  11-0  or  NO  to  the  absorption 
observed  in  the  rocket  exjieriment  is  less  than  ten  jwreent.  the  maximum  concentration  of  If.O  and  NO 
relative  to  air  must  have  been  less  than  1.6  X  !0*5  and  9. 1  X  10*'*  respectively,  using  absorption  coefficients 
390  cm*1  and  67  cm  * 1  for  H-O  and  NO.  The  latter  concentration  is  equivalent  1°  an  upjier  limit  of  0.007  cm 
(N.  T.  P.)  of  NO  above  73  km  which  is  much  less  than  the  value  of  0.02  cm  (N.  T.  P.  given  bv  Migeotte 
and  Neven  (Mem.  Roy.  Sor.  Sri.  (Liege)  12,  163  (1932)1  as  the  maximum  possible  abundance  from  solar 
infrared  studies. 

Reference  to  the  work  of  Watanalie,  Marmo  and  Inn  (Rhys.  Rev.  90.  1.3.3  (19.33))  is  cited.  They  found 
that  approximately  30  percent  of  the  absorption  of  NO  at  the  wavelength  of  II  L,„  leads  to  photoionization. 
The  authors  of  the  pre-ent  paper  state  that  if  only  one  percent  of  the  II  I..,  intensity  observed  in  the  rocket 
exjM'rimcnt  were  ah-orhed  bv  N<  >,  the  rate  of  ion  production  in  the  I)  layer  would  average  about  13  ion  pairs 
cm  sec  which  would  he  of  the  order  of  magnitude  required  to  produce  the  1)  layer  (Bates  and  Nicolet, 
loc.  fit.). 


•  / 


INN,  Edward  c.  Y.,  "The  Photoionization  of  Mo  ecules  in  the  Vaeuuin  Ultraviolet,”  Phy*.  Rev.  91,  1194 
(1953). 

A  method  for  measuring  ionization  potentials  of  moleeules  in  the  vacuum  ultraviolet  is  described.  The 
apparatus  employed  was  a  Baird  1 -meter  Vacuum  Ultraviolet  Monochromator  from  which  the  radiation 
passed  through  the  photoionization  cell.  The  ior  s  produced  by  photoionization  were  collected  by  use  of 
parallel  platinum  electrodes  placed  outside  of  the  light  path  within  the  cell.  The  ion  current  was  measured 
with  a  Beckman  micro-micro-ammeter  fit)-'  —  Id-"  amp..)  and  recorded  on  a  Speedomax  recorder. 

The  spectral  region  was  scanned  near  the  threshold.  The  ion  current,  and  the  wavelength  that  which 
the  first  ions  appeared,  followed  by  a  sharp  increast  in  the  ion  current  were  noted.  In  addition  to  the  ioniza¬ 
tion  potentials  of  various  organic  gaseous  compounds  the  author  lists  the  following  values  obtained  of  first 
ionization  potentials  for  (L,  NO,  Mb,  and  SO;  molecules. 


Molecule 

Thr 

Uavcl 

•sholil 
•nsth  .-1 

1st  Ionization 
i  Potential  «*v 

o, 

K 

129 

12.04  ±  0.01 

NO 

i; 

13 

9.23  ±0.02 

Nil, 

1: 

23 

10.13  ±0.02 

SO, 

•j 

98 

12.42  ±0.06 

Values  previously  reported  in  the  literature  by  other  investigators  anil  the  methods  employed  are  also 
recorded  in  the  table.  The. photoionization  method  reported  in  the  present  paper  is  claimed  to  give  greater 
precision  than  by  either  the  electron  impact  or  the  Bydberg  series  (spectroscopic)  method.  The  present 
method  (photoionization)  and  the  By  dberg  series  method  both  give  values  in  close  agreement. 

JARMAI.N,  w.  h„  ERASER,  P.  A.,  and  NltltOLLS,  R.  w..  'Vibration  Transition  Probabilities  of  Diatomic  Mole¬ 
cules:  Collected  Results  Nj,  N;-,  .NO,  0;'V’  A.  trophy*.  J.  118,  228  (1953). 

Band  systems  of  diatomic  molecules  are  classified  into  three  groups  according  as  the  results  derived  by 
approximate  vibrational  transitional  probabilities  an :  expected  to  be  excellent  (I),  satisfactory  (II),  indicative 
trends  (III). 

For  NJiO:  A  — ►  X  !n  (y-bands)  the  elassi  lication  is  described  as  excellent.  A  table  of  y-bands  for  NO, 

p  (v'.ti")  =#  Cc',  v”)- and  a  table  of  basic  molecular  constants  for  NO  are  included.  '  • 

JOHNSON.  F.  s.,  PURCELL.  J.  D..  tol  SEY,  R.,  and  WILSON,  n.,  "The  Ultraviolet  Spectrum  of  the  Sun,”  Gassiot 

Sleeting,  August  (1933)  (Oxford,  England). 

In  this  paper  presented  at  the  Gassiot  Meeting.  Oxford.  August  1933.  the  authors  make  reference  to  the 
suggestion  made  by  Durand,  Obcrly  anti  Tousey  (.  Atrophy*.  ,/.  109,  1  (1949))  that  certain  features  of  the 
spectrum  which  they  could  not  explain  as  due  to  solar  Fraunhofer  lines  might  be  due  to  nitric  oxide. 

In  the  present  paper  the  authors  with  the  aid  or  more  intense  exposures  than  in  1949  have  studied  the 
existence  of  atmospheric  nitric  oxide  further.  Nitrii  oxide  has  a  double  band  system  near  2265  A,  and  also 
another  band  system  at  2150  A.  A  densitometer  tricing  is  shown  of  the  solar  spectrum.  The  positions  of 
the  nitric  oxide  band  heads  are  shown.  From  this  it  appeared  that  nitric  oxide  is  not  present  in  sufficient 
quantity  in  either  the  earth's  atmosphere  or  the  suns  to  cause  significant  absorption  in  this  9pcctral  region. 
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The  conclusion  is  that  there  is  no  evidence  for  the  presence  of  nitric  oxide  in  either  the  terrestrial  or  solar 
atmosphere.  Reference  is  also  made  to  Migeotte  and  Nevcn  (.Went.  Sor.  Roy.  .Set. (Liege)  12,  105  (1952))  who 
were  unable  to  linil  atmospheric  nitric  oxide  from  infrared  studies.  The  latter  workers  concluded  that  no 
more  than  0.02  cm  .V  T.  P.  of  nitric  oxide  could  he  present  in  the  earth's  atmosphere. 


Makmo,  F.  K.,  "Absorption  Coefficients  of  Nitrogen  Oxide  in  the  Vacuum  Ultraviolet,”  J.  Opt.  Soc.  Am.  43, 

1186  (1953). 

In  this  paj>er  the  author  has  described  his  measurements  of  the  absorption  coefficients  of  nitrogen  oxide 
(nitric  oxide)  in  the  X  1 100-2300  A  spectral  region  of  the  ultraviolet.  The  method  employed  a  photoelectric 
method  in  use  at  the  Air  Force  Cambridge  Research  Center  and  described  in  detail  by  Watanube  and  Inn 
(1953),  and  Watanabe.  Inn,  and  Zelikolf  (1953). 

The  importance  of  knowing  the  absorption  spectrum  in  the  spectral  region  of  this  study  was  pointed  out 
that  the  formation  of  the  1)  layer,  according  to  one  theory,  is  possibly  due  to  the  photoioni/ation  of  nitrogen 
oxide  by  the  solar  ultraviolet  between  X  1100-1300  A.  A  table  is  included  showing  some  k  values  (cm-1)  for 
wavelengths  1332  A  to  1514  A  for  several  pressures  (0.52  to  100  mni  1  Ig) . 

A  continuous  absorption  spectrum  was  found  to  exist  in  the  spectral  region  X  1100-1400  A  in  which  the 
absorption  coefficients  varied  from  40  cm-1  to  200  cm-1.  At  Lyman-alpha  (X  1216  A)  the  k  value  was 
67.5  cm-1.  Twenty -one  literature  references  are  included,  as  well  as  detailed  analysis  and  discussion  of  the 
g‘,  5,  «,  and  y  absorption  bands  of  NO  in  the  X  1500-2300  A  region. 

MlKscilKK,  K..  "."study  of  the  Bund  Spectra  of  V",  NO  and  N(JT  in  the  Schumann  Region  with  the  Aid  of 

N  Went.  .Sor.  Roy.  Si.  '  Liege1  13.  177  (1953).  .  . 

In  this  paper  the  author  again  reports  lu>  study  of  the  band  spectra  of  Ns  ,  NO  and  N(>+  with  the  aid 
of  N  i.  The  study  had  previously  been  reported  in  I  Mr.  phys.  Acta  26, 91  (1953)  anil  Xature  169,  581  (1952). 

Mitha,  A.  P.,  "A  Tentative  Model  of  the  Kipiilibrium  Height  Distribution  of  Nitric  Oxide  in  the  High  Atmos¬ 
phere  and  the  Resulting  D-I.ayer,"  Ionospheric  Research.  Scientific  Report  No.  46,  The  Pennsylvania 

State  College.  15  May  1953.  AM C  Contract  No.  19(1 22 ) -41. 

In  this  report  the  author  has  attempted  to  derive  a  tentative  model  for  the  equilibrium  distribution  of 
nitric  oxide  in  the  5<l  100.  km  altitude  region  of  the  tqqier  atmosphere.  The  possible  photochemical  reactions 
in  which  ozone,  both  molecular  and  atomic  nitrogen,  oxygen  'molecular  and  atomic),  and  nitrous  oxide  are 
considered.  Vi  i tli  reference  to  the  D-layer  formation  it  is  slut'-d  that  the  absorption  cross-sections  of  <),,  Na 
and  NO  ate  reliably  known  and  also  the  intensity  of  the  radiations  ionizing  these  constituents,  however 
information  on  the  vertical  distribution  of  the  constituents  1  >•..  Na  and  NO  is  lacking.  It  is  pointed  out  that 
from  the  results  of  Mo-es  and  \\  u  (l'*52/  ami  Nieolet  ami  Mange  (1952)  and  from  studies  of  the  twilight 
flash  and  night  air-glow  a  rough  model  may  be  deduced  for  ()2  and  Na. 

With  reference  to  atmospheric  N(  >  much  less  is  known.  A  review  of  the  possible  presence  of  N't )  in  the 
upper  atmo-pliere  is  given  from  the  earlv  evidence  obtained  by  Durand.  ( »bcrly  and  Tousey  (19 19)  from  tin; 
solar  spectrum  during  a  rocket  flight,  and  the  spectroscopic  evidence  from  the  striking  coincidences  between 
auroral  emissions  and  members  of  the  ji-band  system  discu-scd  by  Nieolet  (1918).  Later  information  from 
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Tousey  indicated  that  the  broad  bapd  lying  between  X  220t<~2300  A  might  well  come  from  NO  existing  in  the 
atmosphere  of  the  sun. 

Two  possible  processes  for  the  production  of  NO  in  liie  upper  atmosphere  are  given. 

N  +  O  +  M  —  NO  +  M  (1) 

______  XxO  +  NO  +  N  (NS) _ __ . ;  _ _  (2) 

Certain  values  are  obtained  for  height  distributions  of  NjO,  atomic  nitrogen  and  nitric  oxide.  General 
equations  are  derived  for  giving  the  distributions  of  N  and  NO.  It  is  emphasized  that  these  values  should 
be  considered  only  as  preliminary  and  indicative  of  the  order  of  magnitude  of  the  parameters  rather  than 
absolute  values.  The  value  obtained  for  NO  is  that  under  the  conditions  of  photochemical  equilibrium  the 
maximum  concentration  occurs  within  85-95- km  and  does  not  exceed  a  value  of  about  2  X  10l2(  cm*. 

MOORE,  cordon  E..  WfLF,  OLIVER  H.,  AMD  BADUEH,  RICHARD  M.,  “The  Photochemical  Decomposition  of  Nitric 

Oxide  by  Absorption  in  the  (0.0)  and  (1,0)  7-Hands,”  J.  Client.  Phys.  21,  2091  (1958). 

In  this  letter  to  the  editor  the  authors  describe  their  laboratory  experiments  on  the  photochemical 
decomposition  of  nitric  oxide  by  absorption  in  the  (0,0)  and  (1,0)  y-bands.  This  work  was  to  check  Gaydon’s 
experiment  who  irradiated  nitric  oxide  at  atmospheric  pressure  with  the  light  from  an  iron  arc.  Gaydon 
observed  no  evidence  of  decomposition  of  nitric  oxide  even  after  long  exposures.  The  authors  in  this  report 
used  a  condensed  spark  between  cadmium  electrodes  because  of  two  strong  lines  at  21 14  and  2265  A  which 
overlap  the  (1,0)  and  (0,0)  y-bands,  respectively. 

The  decomposition  was  followed  by  observing  the  continuous  absorption  of  N2O3  which  is  formed  as  an 
end  product.  The  experiment  is  of  interest  because  of  the  possible  connection  with  the  heat  of  dissociation 
of  nitrogen.  The  absorbed  lines  have  energies  of  5.TT  ami  5.46  ev  as  compared  to  6.49  ev  the  heat  of 
dissociation  of  nitric  oxide  as  calculated  from  thermochemical  data.  The  experiments  are  being  continued 
in  an  attempt  to  study  the  mechanism  of  this  photodecomposition  of  nitric  oxide. 


IXICOLET,  MARCEL.  "Aeronomical  Problem  of  Nitrogen  Oxides,”  Ionospheric  Research.  Scienti,., 
No.  52,  The  Pennsylvania  State  College,  25  October  1953,  AMC  Contract  No.  AF19(l22)-4  1. 


In  this  report  Nicolet  states  that  nitric  oxide  had  been  considered  by  him  (Inst.  Roy.  Meteor. 
Memoires  19,  124  (1945))  to  be  an  important  constituent  of  the  high  atmosphere.  From  theorl 
siderations  the  author  found  the  possibility  that  NO  is  quite  abundant  below  the  transition  regiol 


molecular  oxygen  is  dissociated  into  atomic  oxygen. 


Reference  is  made  to  the  work  of  Bates  ami  Seaton 


Report 


Belgium, 
(leal  con- 
in  which 


(1950),  and  to  V>  atanabe,  Marmo  and  Inn.  the  latter  group  after  measuring  the  absorption  coefficients  of  NO, 
Qj  and  other  gases  concluded  that  the  formation  of  the  D  layer  by  NO  could  be  explained  since  Ly man-alpha 
radiation  is  in  an  atmospheric  window.  The  Ly  man-alpha  radiation  has  been  observed  from  rocket  experi¬ 
ments  to  penetrate  down  to  74  kin  by  Byram.  Chubb.  Friedman  and  Liehtmen  (1952). 


Reference  is  also  made  to  the  observation  made  by  Durand.  Oberly  and  Tousey  (1949)  that  the  absorp¬ 
tion  band  centered  at  2264  A  in  the  solar  spectrum  was  considered  to  be  a  band  of  atmospheric  nitric  oxide 
and  that  the  abundance  was  about  lO'"  molecules  cm-2  at  about  55  km  (Bates  and  Seaton,  1950).  However, 
in  a  private  communication  to  A.  P.  Mitra,  Tousey  has  indicated  that  the  band  might  well  arise  from  NO 
existing  in  the  atmosphere  of  the  sun.  A  theoretical  discussion  is  given  of  the  photochemistry  of  the  forma¬ 
tion  of  nitric  oxide  and  its  vertical  distribution. 


j>  v  v  ".'rj  -sr- 


The  effect  of  nitrous  o.ide  photodissociation, 

N-O  +  Ac  (X  <  2  tOO  A)  —  NO  +  N 

leading  to  tlie  forniation  of  NO  is  also  considered.  Following  a  long  theoretical  discussion  of  nitric  oxide  in 
the  solar  spectrum  in  which  the  ntitnher  of  N< )  molecules  near  80  km  was  deduced  to  be  10s  molecules  cm-3, 
the  author  states  that  this  \alue  may  be  considered  to  be  correct  within  one  order  of  magnitude  and  as  a 
working  concentration.  A  discussion  is  also  given  of  the  importance  of  the  reactions  between  nitric  oxide 
and  atomic  oxygen  or  ozone  as  contributing  to  the  day-twilight-night  airglow. 


It K n sk.  william  a.,  '‘Intensity  of  I.ytnan-Alpha  Fine  in  the  Solar  Spectrum,”  Phys.  Rev.  91,  299  (1953). 

The  appearance  of  tin  I.y man-alpha  line  on  a  rocket  spectrogram  is  described.  A  grazing-incident 
spectrograph  was  pointed  <  irectly  at  the  sun. during  a  28-second  exposure  by  a  biaxial  sun-follower  in  an 
Acrobee  rocket.  Lyman-a  pha  results  from  the  Is  2S  —  2p  3P  transition  in  the  hydrogen  atom.  It  is 
actually  a  doublet  with  wavelengths  1215.668  A  and  1215.674  A. 

Reference  is  made  to  t  te  detection  of  radiation  between  1050  and  1250  A  by  means  of  a  thermolumi¬ 
nescent  phosphor,  CaSOi:  Mn  in  rockets  by  Tousey,  Watanabe  and  Purcell  (1951).  Also  solar  radiation 
between  1180  A  and  1300  A  was  detected  with  photon  counters  in  rockets  by  Byram,  Chubb,  Friedman,  and 
Lichtman  (J.  Opt.  Soe.  . lm  42,  876  (1952)).  The  radiation  was  not  present  below  74  km.  From  atmos¬ 
pheric  absorption  coefficient  <  calculated  from  the  data,  the  radiation  was  considered  to  be  from  Lyman-alpha. 

In  the  present  investigation  Lyman-alpha  was  photographed.  The  spectrogram  indicated  that  much 
of  the  1216  A  radiation  reached  levels  around  81  km  and  lower.  The  average  virtual  height  of  the  E  layer 
for  12  December  1952  in  the  White  Sands  region  was  100  km.  From  this  it  would  appear  that  much  of  the 
Lyman-alpha  line  radiation  penetrated  and  was  absorbed  in  the  D  layer. 

so.  it..  am>  MKISSLER,  c.  i,.,  "The  Absorption  Coefficients  of  NO  and  NHj  in  the  Vacuum  Ultraviolet,” 
PI,  vs.  Rev.  92,  545  (1953). 

i  . 

This  is  an  abstract  of  a  paper  presented  at  the  316th  Meeting  of  the  American  Physical  Society  26-30 

December  1952  at  the  U.  .4.  Naval  Ordnance  Test  Station,  Invokern,  and  at  the  California  Institute  of 

Technology,  Pasadena.  California.  The  authors  report  their  investigations  of  the  absorption  of  N< )  between 

13**0  A  and  370  A  which  is  composed  of  one  or  more  continuous  regions  superposed  by  bands. 

The  following  absorption  coefficients  were  observed  from  a  plot  of  the  coefficients  kv  versus  wave¬ 
lengths:  one  maximum  at  92*)  A  with  A-,.  =  850  cm  '1,  another  maximum  at  620  A  with  kv  —  920  cm-1. 
There  were  indications  of  small  peaks  at  1300  A  w  ith  A-„  =  180  cm-1  and  at  760  A  with  kv  —  660  cm-1.  An 
absorption  minimum  was  observed  near  1200  A  with  A-„  ^  50  cm'1.  It  was  not  possible  to  separate  band 
absorption  from  continuous  la bsorption. 

st  tci.ifu:.  L.  It.,  ami  h  als  I,  A.  I)..  "The  Ultraviolet  Absorption  Spectrum  of  Nitric  Oxide,"  Prix'.  Phys. 
>oc.  i London i  66A.  21**  (19.53). 

The  follow  ini!  arc  live  well-known  excited  states  of  the  NO  molecule  given  in  the  order  of  increasing 
excitation:  A  B  -II,  C  D’-+,  E  Transitions  between  the  ground  state  and  the  first  four  of 

the  above  excited  states  giv i*  rise  to  the  7,  6 ,  and  «  systems  respectively.  Reference  is  made  to  the  dis- 
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covery  by  Tanaka,  Seva,  anil  Mori  ( J .  Client.  Phys.  19,  979  (1951))  of  the  absorption  bands  due  to  transi¬ 
tions  between  the  ground  state  and  E2"*  states. 

Reference  is  also  made  to  the  historic  work  of  Leifson  (1926)  who  first  measured  the  absorption  bands 
of  NO  in  the  Schumann  region  as  far  as  X  1296  A.  The  authors  in  the  present  paper  report  new  photographs 
of  the  absorption  spectrum  of  nitric  oxide.  The  following  topics  are  discussed: 

(1)  The  d  System. 

(2)  The  B  -II—  D  Perturbation. 

(3)  The  (3'  System. 

(-1)  The  B  -’ll  — C  2-+  Perturbation.  ‘ 

(5)  The  B  2 II  —  A  22)+'  Perturbation. 

(6)  Rydberg  Transitions. 

An  excellent  bibliography  of  16  references  of  previous  investigations  of  the  spectrum  of  nitric  oxide  is 
included.  The  authors  conclude  that-  a  hypothetical  repulsive  curve  to  explain  the  perturbations  of  the 
various  systems  is  unnecessary.  They  could  be  explained  in  terms  of  successive  crossings  of  the  r-’t"  curves 
by  the  B  2II  potential  curve.  • 

TANAKA,  yoshio,  '"On  the  Emission  Bands  of  the  NO  Molecule  in  the  Vacuum  Ultraviolet  Region,”  J.  C/iem. 
Phys.  21,  788  (1933). 

The  emission  spectrum  of  NO  in  the  far-ultraviolet  was  investigated  using  85-cm  and  21-foot  normal 
incidence  vacuum  spectrographs.  A  detailed  description  of  the  experimental  procedures  is  given. 

The  7-bands  are  strongest  of  all  the  NO  bands.  These  could  be  followed  up  to  the  (3,0)  band  on  the 
shorter  wavelength  side.  In  the  present  investigation  the  author  states  that  the  (0,0)  banil  appeared  very 
strong.  The  heads  of  the  (1,0)  7-bands  coine  close  to  the  heads  of  the  (0,0)  e-bands.  The  existence  of  the 
e-system  of  NO  is  confirmed.  The  author  reports  new  bands  quite  similar  to  the  0'-bands  in  the  X  1500  A 
spectral  region.  A  tentative  analysis  of  the  ^’-system  is  given. 

watanabe,  k„  marmo,  F.,  and  inn,  Edward  c.  Y-,  ''Formation  of  the  D  Layer,”  Phys.  Rev.  90,  155  (1953). 

In  this  letter  to  The  Phvsirnl  Revieiv  the  authors  give  the  results  of  their  measurements  of  absorption 
cross  sections  of  oxygen  and  nitric  oxide  using  a  vacuum  ultraviolet  monochromator  and  photoelectric  detec¬ 
tion.  The  absorption  intensity  of  nitric  oxide  with  impurity  less  than  0.1  percent  was  measured  in  the 
region  1070  -2300  A.  A  moderately  strong  absorption  continuum  w-as  observed  in  the  spectral  region 
below  1400  A.  The  absorption  cross  section  of  nitric  oxide  at  Lyman-alpha  was  determined  to  have  the 
value  of  2.5’X  10~‘*cm2. 

A  preliminary  photoionization  experiment  employing  the  Same  instrumentation  demonstrated  the 
appearance  of  the  ionization  current  at  1345  A  or  9.20  ev.  From  previous  experiments  on  light  intensity 
measurements  from  thermocouple  data  photoionization  was  found  to  account  for  about  fifty  percent  of  the 
total  absorption  at  Lyman-alpha.  The  ionization  cross  section  for  NO  as  determined  by  the  authors  of  the 
present  paper  is  about  twenty-five  times  larger  than  the  theoretical  value  by  Bates  and  Seaton  (1950). 

The  width  and  the  transparency  of  the  oxygen  windows  in  the  spectral  region  1100-1300  A  appear  to 


indicate  that  photons  of  required  energy,  particularly  l,y  man -alpha,  can  penetrate  deep  into  tlx*  I). layer 
This  work  appears  to  lend  support  to  tlx*  following  mechanism  for  the  formation  of  the  D  laver. 

NO  +  hv  (XX  1100-1300  A)  —  NO*  +  e" 

watanabk,  K.,  makmo,  F.,  am*  inn,  Edward  c.  Y„  "Photoionization  of  Nitric  Oxide,”  Pins.  Rev.  91,  *136 

'“(19537.  . 

In  a  paper  read  before  the  Spring  Meeting  of  the  American  Physical  Society  held  at  Washington,  I).  C. 
30  April.  I  and  2  May  1933  the  authors  reported  the  results  of  their  mcasi.  ements  of  the  ionization  cross 
section  of  nitric  oxide  in  the  spectral  region  1070- 13  13  A.  During  the  scanning  of  the  spectrum  photoioniza¬ 
tion  occurred  abruptly  at  X  13  13  A  or  9.20  ±  0.02  ev  which  was  considered  to  be  the  lirst  ionization  poten¬ 
tial  of  NO.  .  . 

The  ionization  cross  section  was  found  to  represent  a  rather  high  fraction  of  tlu*  total  absorption  cross 
section  over  most  of  the  spectral  region  studied.  At  Lyman-alpha  the  ionization  cross  section  had  a  value 
of  about  1.3  X  lO-1*  cm1  while  the  total  absorption  cross  section  was  about  2.3  X  lrt~Mem!.  These  data 
and  the  absorption  cross  section  of  oxygen  were  considered  applicable  to  the  formation  of  the  D  layer. 

watanabe,  K.,  MARMO,  F.  F.,  and  inn,  edwahd  c.  Y.,  "Photoioniz.ct'on  Cross  Sections  of  Nitric  Otdde,” 
Phvx.  Rpv.  91,  1133  (1933). 

The  measurement  of  the  photoionization  cross  section  of  nitric  oxide  in  the  spectral  region  XX  1070- 
1313  A  is  described.  The  purpose  of  the  determination  of  tlic  photoionization  cross  section  of  nitric  oxide 
was  to  lind  out  if  the  formation  of  the  D  layer  of  the  atmosphere  might  be  caused  by  the  ionization  of  the 
/nitric  oxide  molecule  by  solar  radiation  within  this  spectral  range. 

The  results  arc  shown  in  Table  !  in  the  paper  for  pressures  0. 19  to  10.3  intn  llg.  The  values  obtained 
are  apparently  independent  of  pressure  and  nearly  constant  with  respect  to  wavelength  in  the  spectral 
region  studied.  The  total  absorption  cross  section  of  nitric  oxide  was  found  to  be  about  liftv  times  higher 
than  the  theoretical  value  calculated  by  Bates  and  Seaton  ( Prnr .  Phvs.  S  i i.  (London)  6311,  129  (1950)). 
The  photoionization  cross  section  at  Lyman-alpha  was  1.21  X  1 0 — 1 ,  om!  which  is  about  one-half  the  total 
absorption  cross  section.  The  total  cross  section  is  given  by  the  following  nation. 

I  =  I0  exp  (  —  a  nQx  )  | 

Where  I„  and  I  are  the  incident  and  transmitted  light  intensities,  <r  is  the  t  >;al  absorption  cross  section  in 
cm1,  n0is  the  number  of  molecules  per  cm1  at  N.  T.  P.,  and  x  is  the  thickness  in  cm  of  the  layer  of  absorb¬ 
ing  gas  at  N.  T.  P. 

Since  it  cannot  be  assumed  that  all  of  the  absorbed  protons  will  produce  photoionization,  the  total 
absorption  cross  section,  u,  is  set  equal  to  the  following  expression 

<r  =  o\  +  ffj 

where  cri  represents  the  photoionization  cross  section,  and  or-  the  cross  section  for  other  purposes.  To 
determine  the  value  of  (photoionization  cross  section)  the  authors  give  the  equation 

<t\  —  Ni<r  N 

in  which  a  is  the  total  absorption  cross  section  previously  determined  by  the  authors,  N  is  the  number  of 
photons  absorb  d  per  second  in  the  length  corresponding  to  the  length  of  the  collecting  electrode  (N  being 


found  from  previously  determined  a  values);  and  Nt  is  the  number  of  ions  formed  per  second  in  the  same 
path  length  being  obtained  from  the  ion  current. 

The  present  paper  also  gives  a  new  method  for  the  determination  of  ionization  potentials  of  molecules 
in  the  vacuum  ultraviolet  for  nitric  oxide  and  other  molecules.  The  first  ionization  potential  for  nitric 
oxide  (NO)  was  found  to  be  9.23  ±  0.02  ev.  Reference  is  made  to  the  authors’  previous  paper  ( Phys .  Rev. 
90,  155  (1953))  in  regard  to  the  application  of  the  method  to  the  formation  of  the  D  layer. 

weber,  d.,  AM)  pen'ner,  s.  s„  '“Rotational  Line-Width  Measurements  on  N'O,  IICL  and  IIBr,”  J.  Chem . 

Phys.  21,  1503  (1953). 

In  this  paper  apparent  line-widths  measurements  on  diatomic  gases  on  interest  in  connection  with 
attempts  to  calculate  emissivities  from  spectroscopic  data  were  made.  Rotation  half-widths  were  calculated 
from  the  experimental  data  assuming  that  the  rotational  lines  are  described  by  the  Lorentz  collision  formula 
and  that  they  were  uniform  half-width  for  a  given  vibration-rotation  band.  • 

The  term  rotation  half-width  is  used  to  denote  one-half  of  the  wave-number  range  for  which  the  spec¬ 
tra!  absorption  coefficient  exceeds  one-half  of  the  maximum  value  for  a  given  rotational  transition.  The 
value  of  the  apparent  hall-width  of  the  fundamental  for  NO  is  given  as  0.043  cm-1  atmos-1,  and  0.031  cm-1 
atmos*1  wit!:  helium  added.  The  quantitative  measurements  are  described. 


GAYDON,  t.  c,  AND  FAtRBAlKN,  A.  R.,  “'Pressure  Broadening  in  the  Spectrum  of  NO  and  Its  Photodissocia¬ 
tion,”  Prw.  Phys.  S'ic.  (London)  67  A,  471  (1954). 

The  authors  ha*e  made  an  examination  of  the  absorption  spectrum  of  nitric  oxide  (NO).  The  study  is 
of  importance  because  of  in  application  to  the  dissociation  energies  of  NO  anil  N*.  Gaydon  (1953)  favors 
the  high  value  of  9.76  ev  for  D(N;).  If  proved,  induced  predissociation  would  require  the  low  value  of 
7.38  ev  for  D(  .\V).  A  I  rief  description  is  given  of  the  instrumentation  and  experimental  procedure.  The 
authors  have  re-examined  the  interpretation  of  the  photodissociation  of  NO.  Reference  is  made  to  the 
work  of  Florv  and  Johnston  (1935)  who  found  that  the  active  region  was  probably  located  in  a  band  of  the 
system  at  1830  A.  In  an  experiment  in  which  nitric  oxide  .was  exposed  through  quartz  to  an  iron  arc  at  a 
distance  of  about  two  inches  for  two  days  Gaydon  (1953)  did  not  detect  any  NO2  formation. 

The  authors  conclude  that  the  action  in  the  spectral  range  employed  must  be  very  slight  and  have  a 
tow  quantum  efficiency.  The  following  mechanism  is  included  to  explain  the  small  amount  of  dissociation 
by  the  secondary  reaction 

.  .  NO  +  hv  — *  NO* 

V**  +  NO  — *  Nj  4-  Oi  vV- 

This  mechanism  is  similar  to  Gaydon’s  (1953)  explanation  for  the  dissociation  of  carbon  monoxide.  It  is 
concluded  that  there  is  no  abnormal  pressure  broadening  and  hence  no  induced  predissociation  in  nitric 
oxide.  Consequently  this  weak  dissociation  is  not  of  impor.ance  in  the  dissociation  energies  of  NO  and  Nj. 

MITRV,  A.  P.,  “A  Tentative  Model  of  the  equilibrium  lirighi  Distribution  of  Nitric  Oxide  in  the  High 
Atmosphere  and  the  Resulting  IJ-Laycr."  ./.  lint.  Terrestr.  Phys.  5,  28  (1954). 

Relerenee  is  made  to  the  spectrum  of  the  sun  which  was  taken  during  a  rocket  flight.  Durand  (1919) 
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interpreted  the  broad  band  l\ in<r  bet  wet  n  X  2299  21100  A  to  he  due  to  nitric  oxide  (NO).  Later  Touaev 
indicated  that  the  hand  may  have  been  caused  by  NO  existing  in  the  atmosphere  of  the  sun. 

The  author  in  the  present  paper  has  attempted  to  derive  a  tentative  model  for  the  equilibrium  dis¬ 
tribution  of  nitric  oxide  (NO)  in  the  height  range  30  100  km  of  the  atmosphere.  Mitra  arrives  at  his  eon- 
elusion  by  considering  possible  photochemical  reactions  involving  ozone,  both  atomic  and  molecular  nitrogen 
ami  oxygen.  anil  nitrous  oxide.  Two  possible  processes  for  the  production  of  NO  in  the  upper  atmosphere 
are  given. 

First  a  three-body  recombination  between  atomic  oxygen  and  nitrogen  and  a  third  body. 

N  +  O  +  M  — »  NO  +■  M(k,)  (1) 

Tin*  second  mechanism  suggested  by  Bamford  (1913),  (laydon  (1917),  and  N’ieolet  (1952)  is  the  photo- 
dissociation  of  .\«f)  into  N  and  NO. 

A  $  24110  A 

N  .o  +  liv - *  NO  +  N(4S)  J,  (2) 

The  presence  of  atomic  oxygen  in  the  lower  atmosphere  is  due  to  the  photodissociation  of  0;  in  the  Schumann  • 
Bunge  absorption  continuum  beginning  at  X  L759  A. 

Os  +  hv  —-‘-.is  0(-T)  0('D)  (3) 


and  also  in  the  weak  Herzherg  continuum. 

A  §  2421  A 

Os  +  hv  - -  0(SP)  +  O(T) 


(4) 


Two  proce-ses  are  also  given  for  the  presence  of  atomic  nitrogen  in  the  upper  atmosphere.  The  llerzberg- 
llerzbcrg  i  1**0!  process  regards  molecular  nitrogen  to  he  predissociated  by  absorption  in  the  Lyman-Birge- 
I loplii'bl  band  XX  1150  1250  A. 


.•a  1 1 ,VM 2.-.II  A 

Ns  +  hv - — 


N  +  N  J- 


(5) 


Tin*  -econd  process,  known  as  the  dissociation  recombination  mechanism,  has  been  discussed  both  by  Bates 
(1950'.  and  by  S.  k.  Mitra  (1951). 

N*  +  hv  -  —-—-4.  NV+(.V)  +  e- 

N:+(V)  +  e- - *  N'(-P)  +  N('-D)  (6) 

The  latter  process  was  considered  by  I)eb  (1952)  to  be  important  only  above  about  170  km,  while  the 
former  process  j.  effective  in  the  lower  iono-pheric  regions.  — . — . — . — - - - - 

The  two  reactions  considered  favorable  for  the  production  of  NjO  by  homogeneous  gas  reactions  are 
those  in  which  a  atomic  oxygen  (ft),  and  (b)  ozone  (0:i)  are  the  parent  particles. 

Ns  +  1)  +  N  —  NjO  +  MiAv,)  (7) 

<),  +  Ns  —  Ns<)  +  f  h(k:,)  («) 


Thus  two  different  height  distributions  are  computed  for  Ns*  >  corresponding  to  reaction  (!!)  in  which  the 
concentration  of  N  il  decreased  rapidlv  with  height,  and  reaction  (7)  where  the  decrease  is  slower. 

The  distribution  of  nitric  oxide  (MU  will  depend,  of  course,  on  the  types  of  atomic  oxygen  and  NO-.. 
distribution-  a— nnicd.  The  author  concludes  that  in  general,  under  conditions  of  photochemical  equilib¬ 
rium.  the  maximum  concentration  of  NO  occurs  at  an  altitude  of  about  85-95  km,  and  that  the  maximum 
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concentration  docs  not  exceed  a  value  of  about  2  X  10!- cm-*.  The  role  of  photoionization  of  \0  hy 
Lyinan-alpha  radiation  in  the  formation  of  the  D-layer  is  also  briefly  discussed. 

MITRA,  A.  P.,  ANl>  jonks,  r.  e.,  "The  Enhancement  of  Ionospheric  Ionization  during  Solar  Flares,”  J.  Atm. 
Terrvst.  Phys.  5,  104  (19,71). 

Brief  reference  is  made  to  the  enhancement  of  Lytnaii-alpha  (L„)  radiation.  It  is  suggested  that  an 
increase  or  generation  of  ionization  through  direct  photoionization  is  a  reasonable  assumption  for  the 
occurrence  of  fadeout  enhancement  of  ionization.  The  relevant  process  is  the  ionization  of  NO  by  enhanced 
L„  radiation.  There  appears  to  Ik1  evidence  that  such  enhancement  occurs. 

MIZL'sitlMA.  M  \s\TVKA,  "Theory  of  the  Hyperfine  Structure  of  NO  Molecule,”  Phys.  Rev.  91,  569  (1954). 

This  paper  by  Mizushima  from  the  Department  of  Physics,  Duke  University,  Durham,  North  Carolina 
is  a  report  on  research  supported  hy  the  U.  N.  Air  Force  under  a  contract  monitored  by  the  Office  of  Scientific 
Research,  Air  Research  and  Development  Command.  The  paper  gives  the  theory  of  the  hyperfine  structure 
of  the  NO  molecule  due  to  the  magnetic  moment  of  the  N  nucleus.  The  electronic  ground  state  of  the 
NO  molecule  is  ITi  t. 

The  topics  discussed  are: 

(1)  Hamiltonian  and  Wave  Function. 

(2)  Magnetic  Hyperfine  Structure. 

(3)  Electric  Hyperfine  Structure. 

(4)  Effect  of  n3/2  State. 

(5)  Comparison  with  Experimental  Results. 

(6)  Prediction  of  the  1IFS  of  the  NO  Molecule  in  the  n3,t  State. 

(7)  Electric  II FS  Formula  for  General  Coupling  Case. 

NIGHTINGALE,  R.  E„  DOW  ME,  A.  R.,  ROTENHERG,  D.  I..,  CRAWFORD,  BRYCE,  JR.,  AND  OGG,  R.  A.,  JR.,  "The 

Preparation  and  Infrared  Spectra  of  the  Ov.ides  of  Nitrogen,”  J.  Phys.  Chem.  58,  1047  (1954). 

This  paper  gives  improved  laboratory  preparations  of  several  oxides  of  nitrogen.  The  purpose  was  to 
provide  pure  nitrogen  oxides  suitable  for  investigation  of  the  kinetics  of  reactions  of  the  oxides  of  nitrogen, 
and  to  use  the  infrared  spectra  of  these  molecules  for  identification,  or  analysis. 

Nitric  oxide  (NO)  was  used  as  the  basic  starting  material  for  the  preparation  of  all  of  the  oxides  whose 
preparations  are  discussed.  .Methods- for  the  preparation  of  nitric  oxide,  nitrogen  dioxide-dinitrogen  ietroxide 
(NOj  in  equilibrium  with  N1O4),  ozone,  nitrogen  pentoxide,  and  anhydrous  nitric  acid  are  described. 

The  infrared  spectra  of  the  nitrogen  oxides  were  examined  in  the  rock-salt  region  (650-2500  cm-1) 
to  find  the  absorption  bands  suitable  for  analytical  purposes.  The  more  intense  infrared  bands  of  the  oxides 
of  nitrogen  are  shown  in  Figure  3  of  the  paper.  Particular  emphasis  is  given  to  obtaining  the  spectrum  of 
nitrogen  pentoxide  (N-0;)  free  from  water. 

opfell,  J.  B.,  schlinger,  iv.  c.,  and  SAGE,  B.  H.,  "Some  Thermodynamic  Properties  of  Nitric  Oxide,”  Ind. 
Eng.  Chum.  46,  189  (1954). 

A  brief  review  of  the  thermodynamic  properties  of  nitric  oxide  investigated  by  previous  workers  is 
given.  1  he  expressions  for  enthalpy,  entropy,  and  fugarity  are  combined  with  the  relationships  for  pressure 
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an<l  isochoric  pressure-temperature  derivative.  These  are  shown  in  Table  II  in  the  paper.  The  expressions 
in  Table  II  were  used  to  obtain  the  desired  expressions  for  these  thermodynamic  properties.  The  prop¬ 
erties  listed  in  Table  III  which  is  extensive  are  values  of  pressure,  volume,  enthalpy,  entropy,  and  fugacity. 
The  data  were  based  on  a  reference  state  of  zero  for  the  enthalpy  and  entropy  at  a  temperature  of  absolute 
zero  and  a  pressure  of  1  atmosphere  for  the  ideal  gas  state.  This  corresponds  to  the  convention  adopted  by 
Rossini  (1950). 

ta>aka,  yoshio,  "Emission  Bands  of  NO  in  the  Vacuum  Ultraviolet  Region  Excited  in  the  NO  Afterglow,” 
J.  Chem.  Phys.  22,  2045  (1954). 

Briefly  this  is  an  investigation  of  the  emission  bands  of  the  NO  molecule  excited  in  an  afterglow  in  the 
vacuum  ultraviolet  regicn.  The  author  reports  that  there  is  an  abrupt  cutoff  at  a  certain  value  of  v'.  This 
was  observed  in  the  /S,  y  and  &  bands. 

WATANABE,  K.,  hotoionization  and  Total  Absorption  Cross  Sections  of  Cases.  I.  Ionization  Potentials 
of  Several  ..tolecules.  Cross  Sections  of  NHj  and  NO,”  J.  Chem.  Phys.  22,  1564  (1954). 

In  the  present  paper  Watanabe  reports  the  determination  of  ionization  potentials  of  several  molecules. 
The  ionization  potential  for  NO  is  included  and  was  determined  to  be  9.25  electron  volts.  The  paper  also 
describes  improved  energy  measurements  of  the  photoionization  cross  sections  of  NO  in  the  spectral  region 
XX  1070-1340  A.  The  results  obtained  earlier  by  the  author  (Phys.  Rev.  91,  1155  (1953))  were  found  in  the 
present  study  to  be  about  40  percent  too  low.  The  photoionization  and  the  total  cross  section  of  NO  at 
Lyman-alpha  (1215.6  A)  were  2.0  X  lO-1’  and  2.4  X  10— 18  cm2,  respectively.  An  absorption  was  suggested 
to  explain  this  difference. 

1955 

KAL'FMAN,  Frederick,  and  JOHN  R.  kelso,  "Thermal  Decomposition  of  Nitric  Oxide,”  J.  Chem.  Phys.  23, 
1702  (1955). 

The  thermal  decomposition  of  pure  NO  was  studied  and  found  to  be  second  order  in  NO  throughout 
the  course  of  decomposition.  The  second-order  rate  constants  delined  by 

-  rf(NO)/rft  =  k( NO)2 

represent  the  data  quite  well.  - - -  . - - -  — - - - - 

The  relative  importance  of  homogeneous  surface  effects  were  studied.  The  effects  of  added  nitrogen, 
helium,  and  oxvgen  were  investigated.  Experimental  details  of  the  instrumentation,  the  preparation  and 
analyses  of  the  reactant  gases,  and  products  are  fully  described.  An  interpretation  is  given  and  a  mechanism 
is  discussed  on  the  oxygen  effect. 

Nichols,  nathan  i...  HALSE,  c.  d.,  and  noble,  R.  h.,  "Near  Infrared  Spectrum  of  Nitric  Oxide,”  J.  Chem. 
Phys.  2.3,  57  (1955). 

Nitric  oxide  is  the  onlv  stable  diatomic  molecule  to  exhibit  a  Q  branch  in  the  infrared,  since  it  is  the 
only  stable  diatomic  molecule  to  have  an  odd  number  of  electrons.  A  brief  discussion  is  given  of  the  first 
observance  of  the  infrared  spectrum  of  NO  by  Warburg  and  Leithauser  (Ber.  deut.  chem.  Ges.  1,  145  (1908)). 


Experimental  details  of  the  present  paper  are  included.  The  molecular  rotational  constants  for  the  ground 
state  both  for  values  obtained  by  the  authors  and  the  vibrational  constants  obtained  by  Gillette  and  Eyster 
(Phys.  Rev.  1 1.3  (1939))  are  given  in  the  following  table. 

=  1904.03  ctn-‘  B,  =  1.7060  enr1 

_ oi4i  —  1903.68  enr! - - - a,  —  0.0180  cm-1  -----  . — -;-r— 

«,X,  =  13.97  cm-1  /,=  16.404  X  10~«  g  cm* 

==0.00120  cm-1  r,  =  1.1503  X  10~*  cm 

£>,»  =  6.8  X  10-* cm-1  .V  . 

mcolet,  marcel,  "The  Aeronomic  Problem  of  Nitrogen  Oxides,”  J.  Atm.  Terrest.  Phys.  7,  152  (1955). 

A  brief  summary  is  given  of  Nicolet’s  previous  announcement  (Inst.  Roy.  Meteorol.  Belgium  Memoirs  19, 
124  (1945))  that  nitric  oxide  is  an  important  constituent  of  the  high  atmosphere.  In  this  earlier  paper  it  was 
considered  that  nitric  oxide  could  be  quite  abundant  below  the  transition  in  which  atomic  oxygen  is  formed 
from  the  dissociation  of  molecular  oxygen,  it  was  thought  that  the  nitric  oxide  molecule  could  explain  the 
ionization  below  100  km.  Since  the  ionization  potential  is  about  9.5  ev  Nicolet  pointed  out  that  this  molecule 
could  absorb  the  Lyman  —a  solar  radiation  at  X  1215.7  A. 

Reference  is  made  to  Bates  and  Seaton  (1950)  who  gave  reasons  for  the  difficulty  in  considering  any  other 
mechanism  for  example  the  photoionization  of  Oj  or  Na.  Reference  is  also  made  to  the  measurement  of 
absorption  coefficients  of  NO,  02  and  other  molecules  by  Watanabe,  Marmo  and  Inn  (1953)  who  concluded 
that  the  formation  of  the  O  region  was  due  to  the  absorption  of  Lyman  —a  radiation  which  lies  in  an  atmos¬ 
pheric  window. 

Two  mechanisms  are  given  for  the  formation  of  nitric  oxide  in  the  mesosphere. 

N  +  O  +  M  —  NO  +  M  (1) 

N,  +0  +M  — N,0  +  M  (2) 

NjO  4-  hu  -*  ISO  +  N 

Reaction  (1)  is  considered  the  primary  process  of  NO  formation.  In  a  region  in  which  atomic  oxygen 
concentration  is  maximum,  process  (2)  should  yield  NO.  Reference  is  made  to  the  study  of  absorption 
coefficients  of  nitrous  oxide  (NjO)  by  Zelikoff.  Watanabe  and  Inn  (1953),  and  by  Zelikoff  and  Aschenbrand 
(1954)  who  interpreted  absorption  continua  in  terms  of  other  possible  dissociation  processes.  According 
to  their  conclusions  process  (2)  is  not  con-i-  red  a  fundamental  mechanism  for  the  production  of  nitric  oxide 
and  atomic  nitrogen. 

St'N,  H.,  AND  G.  L.  weissler,  "Absorption  Coefficients  of  Nitric  Oxide  in  the  Vacuum  Ultraviolet,”  J.  Chem. 

Phys.  23,  1372  (1955). 

In  this  letter  to  the  editor  the  authors  report  their  preliminary  results  of  the  absolute  absorption  of  light 
in  NO  in  the  region  from  374  A  to  1300  A.  Photometric  measurements  of  60  light  source  emission  lines  were 
obtained.  The  coefficients  n,  in  units  of  cm-1  at  NTP,  are  defined  by  the  relation 

I  =  Io  exp(— jix). 

The  authors  state  that  previous  NO  results  between  1100  A  and  2300  A  obtained  by  Marmo  (1953) 
and  S,  atanabe  (1954)  were  in  reasonable  agreement  with  those  in  the  present  report  in  the  spectral  region 
where  overlapping  occurred.  A  table  of  absoprtion  coefficients  of  NO  in  the  region  studied  is  included. 


100 


2.3  NITROGEN  DIOXIDE  (NO,)  AND  OTHER  OXIDES  OF  NITROGEN 

1910 

HAYHl'RST,  Walter,  and  PRINC,  JOHN  norman,  "The  Examination  of  the  Atmosphere  at  Various  Altitudes 
for  Oxides  of  Nitrogen  and  Ozone,”  J.  Chem.  Soc.  97,  868  (1910). 

The  authors  emphasize  that  the  results  of  their  experiments  are  to  be  considered  of  a  purely  qualitative 
nature.  The  amount  of  ozone  was  too  small  to  be  detected  at  ground  level  and  at  intermediate  altitudes 
up  to  8500  feet. 

Attempts  were  made  to  determine  and  compare  the  amount  of  the  oxides  of  nitrogen  at  different  alti¬ 
tudes.  Some  15  experiments  were  conducted  at  ground  level  (1100  feet  above  sea  level),  and  30  experiments 
were  at  intermediate  heights  up  to  8500  feet.  For  these  measurements  a  kite  was  used  to  carry  an  absorbing 
vessel  containing  a  solution  of  potassium  iodide,  and  exposed  at  known  altitudes.  The  altitude  of  the  kite 
and  wind  velocities  were  obtained  by  means  of  the  Dines  recording  meteorograph  {Nature  83,  220  (1910)). 
The  data  from  the  six  most  successful  experiments  are  tabulated. 


Maximum  Height  in  Ft. 

Ratio  Oxides  of  Nitrogen  in  Upper 
to  that  in  Lower  Atmosphere 

8500 

2223:1 

3200 

1.74 : 1 

2600 

1.76:1 

4200 

1220:1 

4500 

0.93 : 1 

4500 

0.90:1 

Note:  These  experiments  were  on 

different  dates. 

It  was  concluded  that  a  rather  greater  amount  of  oxides  of  nitrogen  occurred  at  higher  altitudes  than  at 
ground  level  for  equal  volumes  of  air,  and  that  the  total  amount  of  the  oxides  appeared  to  vary  from  day  to 
day,  and  much  less  present  after  rain.  With  the  aid  of  free  balloone  an  examination  of  the  atmosphere  at 
high  altitudes  up  to  a  height  of  about  12  miles  was  made.  In  general  the  same  method  was  employed  for 
the  determination  of  the  oxides  of  nitrogen  and  of  ozone  as  in  the  experiments  at  intermediate  heights  with  a 
kite-.  The  amount  of  ozone  averaged  0.04  milligram  in  0.1  to  0.3  cubic  meters  of  air,  while  the  amount 
of  oxides  of  nitrogen  was  shown  to  be  less  than  this  quantity. 

. .  '  1923 

Reynolds,  william  c.,  "Thunderstorms  and  Ozone,”  Nature  112,  396  (1923). 

In  an  attempt  to  answer  the  question  as  to  what  chemical  changes,  if  any,  are  associated  with  atmos¬ 
pheric  electrical  discharges,  the  author  has  studied  the  formation  of  nitrogen  dioxide  and  ozone  during  a 
severe  thunderstorm  over  London  10  July  1923.  The  following  results  were  obtained  for  the  analysis  of 
NO,  in  terms  of  one  volume  of  NO,  in  million  volumes  of  air. 


Nitrogen  Dioxide  Before,  During  and  After  the  Thunderstorm 

Before 

During 

After 

London  air 

1  in  120 

1  ia  114 

1  in  134 

Upminster  sir  (country) 

1  in  350 

1  in  440 

1  in  400 
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It  was  concluded  that  there  wa-  no  appreciable  increase  in  nitrogen  (iiosiilf  in  the  air  during  tin-  Morin. 


i  ►/out*  t  V 

meent ration  llcfurr  am!  After  Thum!er*tormi* 

in  Kn^Sdmi 

A  !Vw  Days  Before 

'  After 

A  Fortnight  After 

Lmiltin  air 

1  in  23  j 

1  in  3.2 

1  in  18.5 

l  |»mtn*l«T  • 

1  in  22  - j 

1  in  14.8 

1  in  18.5 

Storm  No.  2 

Lmtlttn 

- ,  in  22.7  y. 

1  in  9.71 

. '  ‘ . 

l  pmin»trr 

1  ill  18.8 

I  in  7.B 

During  ll»«  !ir*t  lhnmlrr*torm  7  timr*  more  tiZtint*  mtc  fotim!  al 

flt'r  l!n*  storm  than 

Iwfon*  iii  the  dir 

,i!mi\«*  |>iii<Ioii.  A  fortnight 

after*  aril*  oiif  ju 

irl  in  18.5  million* 

urrr  fount!  in  1m 

»lli  nlaer-.  l  or  -torni  No.  2 

more  than  tJouhl 

i*  in  earh  riisr  wan 

fount!  lli. in  jfltr  flit*  lliiiiitli'Morm. 


1925 

FKAMls.  t.  t;..  ami  rAHSoxs.  A.  T..  "The  Deterniination  of  Oxides  of  Nitrogen  (except  Nitrous  Oxide)  in 
small  Concentrations  in  the  Products  of  Conihustioii  <  ■  t  Coal  (Ja-  and  in  Air,  *  Analyst  50,  262  (1925). 
This  is  an  extensive  and  thorough  stn.ly  on  the  del'  .mutation  of  small  concentrations  of  the  oxides 
cf  nitrogen  in  coal  ga-  and  in  air.  The  method  of  Allison.  Parker  and  Jones  reported  in  Technical  Paper  249, 
Bureau  of  .Mines,  Washington.  I).  C.  which  consisted  in  absorbing  the  oxides  in  an  alkaline  solution  of 
hxdrogen  peroxide  (H-tV)  "as  h  oil  to  give  incomplete  oxidation.  The  authors  report  a  modification  of 
the  alkalincsll.il:  method.  Thru  procedure  was  to  aspirate  the  gas  sample  through  a  bottle  of  known 
rapacity,  adding  11;**;  acidified  with  sulfuric  acid  (II-SO,).  and  allowing  the  sample  bottle  to  stand  with 
frequent  shaking  for  5  hours.  The  solution  was  rinsed  into  an  evaporating  dish,  neutralized  with  KOII 
solution,  and  evaporated  to  dryness. 

The  residue  was  determined  eolorimetricallv  with  phenoldisttlfonie  acid  reagent,  making  alkaline  with 
Nil, <•!!  and  comparing  w.th  color  standards.  The  method  was  sensitive  to  over  1  part  per  million  of 
NO  pre-ent  in  air.  The 'method  is  capable  of  increased  sensitivity  to  a  few  parft  of  NO  in  one  hundred 
million  In  condensing  the  dried  air  -ample  with  liquid  air.  the  CO-  and  NO  itt  the  air  condenses  and  the 
latter  was  analyzed  by  the  altoxc  procedure  of  the  conden-ate.  A  correlation  of  the  amount  of  oxides  of 
nitrogen  pre-ent  with  motor-  about,  during  foggy  weather,  after  heavy  rains,  and  during  clear  weather 
is  shown  with  a  brief  diseti-sion  of  the  data  obtained. 

1929 

fichtkh,  FR.,  A>n  bki\m-:h.  Kit x ST,  "Oxidation  with  Fluorine.  III.  Action  of  Fluorine  on  Nitric  Acid, 
Perchloric  Acid  and  Their  Compound.-,”  Ilclr.  ('.him.  Acta  12,  305  (1929). 

U  hen  an  aqueou-  solution  of  UNO;  was  treated  with  ga.-eous  fluorine  the  following  reaction  was 
observed  to  occur: 

2JINO,  +  F.  —  N’-<  >e  +  21IF 

RONALD  c.  >v.,  "Photochemical  Fquilibrium  in  Nitrogen  Peroxide.  Part  IV.  The  Relation  between 
f  luorescence  and  Photochemical  \<  tion,  J.  (  Iirni.  .Sic.  (1929.1.  pp.  1611-1620. 

The  flunrr-cence  of  nitrogen  dioxide  wa-  detected  and  photographed.  Blue  light  of  wavelength  4360  A 
produced  an  orange  luminescence,  and  violet  light  X  1050  A  a  greenish-yellow  luminescence.  From  the 
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observation#  it  was  concluded  that  in  the  pure  gas  the  NO.  molecule,  excited  by  the  absorption  of  blue  or 
violet  light,  may  suffer  many  molecular  collisions  before  it  re-emits  its  energy.  This  would  explain  the 
rather  wide  diffuse  emission  bands. 

1930 

Baxter,  warren  p.,  "Quenching  of  the  Fluorescence  of  Nitrogen  Dioxide,”  J.  Am.  Chem.  Soc.  52,  3920-3927 

(1930).  .  . -  - - - 

.  The  author  refers  to  the  several  investigations  of  the  photochemical  decomposition  of  nitrogen  dioxide, 
particularly  to  the  work  of  Norrish  (1927  and  1929).  In  the  present  paper  nitrogen  dioxide  was  irradiated 
with  X  4358  and  4047  A  lines  of  a  mercury  arc  and  a  pressure  range  0.001  to  18  mm  Ilg.  The  purpose  of 
the  study  was  to  investigate  the  intensity  of  the  fluorescence  of  NOj  itself  and  of  added  foreign  gases. 

Nitrogen  dioxide  was  found  to  be  a  very  efficient  quenching  agent,  the  fluorescence  was  half  damped 
at  a  pressure  of  0.02  mm.  The  relative  deactivational  efficiencies  of  the  foreign  gas  COj,  N»,  Oi,  and  Hi 
referred  to  NOj  as  unity  are,  respectively,  0.87,  0.29,  0.24,  and  0.15. 

Reynolds,  william  c.,  "Notes  on  London  and  Suburban  Air,”  J.  Soc.  Chem.  Ind.  (Trans.)  49,  168-172  (1930). 

The  author  made  continuous  measurements  of  chlorides,  ammonia,  nitrogen  dioxide,  sulfur  dioxide, 
and  ozone  on  London  and  suburban  air  from  1923  to  1927. 

With  reference  to  nitrogen  dioxide  the  author  states  that  it  is  essentially  a  constituent  of  town  air. 
No  evidence  was  obtained  that  it  is  formed  by  the  action  of  lightning,  since  at  no  time  did  the  proportion 
of  nitrogen  dioxide  in  the  atmosphere  increase  during  thundery  weather.  The  amount  of  NOj  measured  at 
Upminster  (suburban)  was  generally  about  one  sixth  of  that  found  at  Plaistow  (about  5  miles  from  London 
Bridge).  In  the  latter  place  it  rose  to  as  much  as  30  volumes  per  1000  million  in  fogg'r  weather.  The 
existence  of  ozone  at  sea  level  has  been  attributed  to  nitrogen  dioxide. 

A  detailed  description  of  the  analytical  methods  and  sampling  are  included. 

1931 

SPRENCER,  cerhard,  "Spectrographic  Identification  of  the  Intermediate  Nitrogen  Oxide  in  the  Reaction 
between  Nitrogen  Pentoxide  and  Ozone,”  Z.  Electrochem.  37,  674-678  (1931). 

In  this  report  Sprenger  discusses  the  spectrographic  evidence  for  the  evidence  of  and  formation  of 
nitrogen  trioxide,  NO,,  in  the  reaction  of  nitrogen  pentoxide  with  ozone. 

1934 

holmes,  hakrison  H..  and  DANIELS,  Farrington,  "The  Photolysis  of  Nitrogen  Oxides:  Nj05,  NjO,  and 
NO*,”  J.  Am.  Chem.  Soc.  56,  630-637  (1934). 

Reference  is  made  to  the  careful  work  of  Baxter  and  Dickinson  (1929)  on  the  photolysis  of  nitrogen 
pentoxide;  and  to  Norrish  (1929),  and  Dickinson  and  Baxter  (1928)  on  nitrogen  dioxide.  These  workers 
established  the  general  nature  of  the  reaction.  In  the  present  study  Holmes  and  Daniels  have  extended 
this  work  to  a  wider  range  of  observation,  particularly  at  short  wavelengths  (436  m/i  to  265  mu). 
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The  absorption  coefficients  at  wavelengths  from  430  to  263  nip  were  determined  for  N»().-„  NjO<  and 
NO;.  It  was  found  that  N;0;,  was  deeompo.-eil  bv  the  light  absorbed  at  280  and  263  nia  with  a  i|tiantuin 
eflieieney  of  0.6.  Nitrogen  tetroxide  was  observed  to  decompose  at  263  him  with  a  quantum  efficiency  of 
0.4,  while  light  at  wavelengths  306  iiim  and  313  tua  was  absorbed  with  no  measurable  decomposition  of 
NjO,.  The  following  wavelengths  decomposed  NO;  with  the  accompanying  quaiituin  efficiencies:  313  niju, 
1.93;  366  him  1-83;  402  (at  0°C).  0.30:  and  436  nip,  0.0  (after  allowance  for  the  screening  effect  of  N3O4). 

The  effect  of  He,  A,  N2,  (h.  lf»,  CO;  and  N;0  in  decreasing  the  pho lodecom post lion  of  N02  was 
deterinined. 


Absorption  Cofflicionta 
k  1  pi  In  Io  I 


Wavelength 

m/i 

A’jiOi 

kstOi 

ksiOi 

436 

0.0192 

0 

0 

403 

0.0216 

0 

*  0 

366 

0.0187 

0.00824 

0 

334 

0.013 

0.015 

0 

313 

0.00773 

0.0119 

0 

302 

0.0053 

0.0085 

0 

280 

0.00263 

0.0171 

0.0029 

263 

0.00136 

0.0243 

0.0063 

STODDART,  eric  M.,  "The  Oxygen  Afterglow,"  Proc.  liny.  Soc.  (London)  A  147,  454  (1934). 

A  description  of  the  electrodeless  discharge  apparatus  is  given.  With  reference  to  the  role  of  nitric 
oxide  it  is  stated  that  the  afterglow  is  restored  by  the  addition  of  nitrogen  to  glowless  oxygen  in  electrode 
discharge  tubes.  This  phenomenon  is  not  observed  when  electrodeless  tubes  are  used. 

The  following  conclusions  were  noted  as  a  result  of  the  experiments  described,  in  the  pape?.  (a)  Ordi¬ 
nary  electrode  discharges  through  oxygen -nitrogen  mixtures  readily  synthesized  nitric  oxide,  whereas  the 
formation  of  NO  did  not  occur  if  electrodeless  discharges  were  employed,  (b)  The  addition  of  nitric  oxide 
to  an  electrodeless  discharge  through  pure  oxygen  produced  an  afterglow,  (c)  The  afterglow  spectrum 
!,  4200  A  to  6700  A  consisted  of  weak  diffuse  bands.  I, 

!/ |; 

[  1935 

MELVIN,  EUGENE  H.,  and  vviLF,  OLIVER  R„  "Ultraviolet  Absorption  of  Mixtures  of  NO,  N02,  and  IIsO,” 
J.  Chem.  Phvs.  3,  755  (1935). 

The  authors  state  that  in  considerable  amounts  of  NO  containing  small  amounts  of  NO2  a  continuous 
absorption  occurs  in  the  ultraviolet  which  obscures  1  oth  the  absorption  of  NO  and  that  portion  of  the 
absorption  which  lies  below  2500  A.  This  is  considered  to  be  due  to  the  molecule  NjOj. 

In  Figure  1  in  the  paper  the  absorption  bands  occurring  in  mixtures  of  NO,  NO*,  and  1I;0  (probably 
due  to  UNO;),  together  with  a  comparison  spectrum  of  N<  I;.  are  shown.  Figure  2  in  the  paper  shows  the  effect 
of  increasing  nitrogen  dioxide  (NO;)  to  a  constant  pressure  mixture  of  NO  and  IIsO,  and  similarly  the  effect 
of  increasing  nitric  oxide  to  a  constant  pressure  of  NO*  and  11*0.  In  Figure  3  in  the  paper  the  influence  of 
U;0  upon  a  mixture  of  NO  and  NO;,  and  the  temperature  effect  are  shown. 


\ 
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The  question  is  raised  as  to  the  N-Oj  eontent  of  "pure  M4,”  since  in  a  mixture  of  as  pure 

2 NO,  N.04 

as  one  ran  prepare  there  exists  the  equilibrium 

j  2NO,  ^  KA  +  \  0: 

XKHMAX,  F.  ll.,  "Air  Afterglows,”  Phil.  A/ug.  20.  777  (1035'). 

This  is  a  study  of  the  spectra  of  air  and  oxygen  afterglows.  It  was  found  that  with  air  the  afterglow 
was  at  lir.-t  very  faint  at  all  pressures,  hut  after  the  discharge  had  been  passed  for  some  time  the  intensity 
increased.  The  results  obtained  in  this  investigation  lead  to  the  conclusion  that  both  oxygen  and  air  after¬ 
glows  arise  from  the  oxidation  of  nitric  oxide  bv  ozone,  both  nitric  oxide  and  ozone  being  formed  in  the 
discharge  tube.  The  product  thus  formed  ^a  higher  oxide  of  nitrogen)  gave  rise  to  the  faint  diffuse  bands 
between  \  4200  A  and  X  6700  A. 

spkai.m  vn,  M.  t...  \m>  KoDKBi  sil.  tv.  n„  "The  Reactions  of  Some  Oxides  of  Nitrogen  with  Atomic  Oxygen 
and  Nitrogen,"  J.  Am.  C/iem.  Soc.  57,  1474-1476  (1933). 

Reference  is  made  to  the  role  played  by  the  oxides  of  nitrogen  in  the  nitrogen  and  oxygen  afterglows. 
The  follow  ing  reactions  were  studied,  (a)  The  reaction  between  nitrogen  dioxide  and  oxygen  atoms  produces 
a  characteristic  oxygen  afterglow  according  to  the  reaction, 

NOj  +  O  —  NO  +  O*  (1) 

(b)  The  reaction  between  nitric  oxide  and  oxygen  atoms  is  the  reverse  of  the  photochemical  decomposition 
of  nitrogen  dioxide. 

NO,  -v  NO  +  O  (2) 

Reference  is  made  to  Norrish  tl920),  Dickinson  anil  Baxter  (1928),  and  Mecke  (1930)  who  studied 
this  reaction.  Mecke  had  concluded  that  light  of  X  3700  A  decomposed  NO,  according  to  reaction  (2). 
When  nitric  oxide  was  introduced  into  pure  oxygen  gas  wliiiHi  is  partially  dissociated  into  atomic  oxygen, 
the  oxygen  afterglow  was  obtained.  It  is  concluded  that  the  reaction, 

NO  +  O  —  NO, 

which  presumably  takes  pi  ice  by  triple  collision  causes  the  oxygen  afterglow. 

1937 

jo'  es.  ERNEST  J..  AM)  ivt  i.f.  oliveb  it.,  "The  Absorption  Coefficient  of  Nitrogen  Pentoxide  in  the  Ultra¬ 
violet  and.  Visible  Absorption  Spectrum  of  NO.i,"  J.  Chrm.  Plivx.  5,  873-877  (1937). 

The  authors  obtained  spectrograms  of  the  gaseous  system  N;0:,-03  during  the  decomposition  of  the 
ozone  and  the  subsequent  decomposition  of  N»< By  a  suitable  arrangement  in  experimental  details  it  was 
possible  to  obtain  spectrograms  when  the  absorption  was  chiefly  that  of  NOj  (nitrogen  trioxide). 

In  course  of  time  the  NOj  and  Oj  steadily  decreased,  tl.  contents  of  the  absorption  tube  passing  from 
that  of  visually  blue  through  a  colorless  stage  which  was  followed  by  the  appearance  of  brown  fumes  of 
NO,.  At  this  [mint  of  absence  of  both  ozone  and  nitrogen  dioxide  a  spectrophotometric  determination  of 
the  inten-ity  of  VII  in  the  ultraviolet  was  made.  The  absorption  coefficients.  of  NVU  was  measured 
over  the  wavelength  region  3800  2850  A.  The  value  obtained  as  3800  A  was  0.00:),  and  steadily  increased 
to  approximately  0.32  at  2830  A. 
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At  the  time  when  the  absorption  tube  was  visually  blue  when  the  absorption  was  due  chiefly  to  NO,, 
satisfactory  spectrograms  were  obtained  for  NO,.  The  experimental  details  are  described  in  full,  as  well 
as  the  results  and  subsequent  discussion.  I  he  .\()j  is  an  "odd”  molecule,  containing  an  odd  number  of 
electrons,  which  may  account  for  its  intense  blue  color. 

KLEMENL.  AI.FONS,  A N I)  NEUMANN,  WALTER,  '  Investigation  of  the  Formation  of  a  Higher  Oxide  of  Nitrogen 
(NO,)  in  the  Action  of  a  Clow  Discharge  of  Caseous  Systems  of  NO.-Oj,”  Z.  anorg.  all  gem.  Client.  232," 
216  (1937). 

I  he  authors  have  investigated  the  possibility  of  the  formation  of  a  higher  oxide  of  nitrogen  such  as 
(NO;0  by  passing  a  glow  discharge  through  NO.  O,  mixtures.  They  report  that  no  such  compound  as  NO, 
was  obtained.  I  he  nitrogen  dioxide  was  about  95  percent  decomposed  in  the  discharge  and  excess  oxygen 
had  no  effect  upon  the  reaction. 

Ihe  authors  state  that  nitrogen  trioxide  (NO,)  can  only  be  obtained  by  vaporization  of  a  gas  mixture 
of  nitrogen  dioxide  and  ozone. 

SCHUMACHER,  h.  j.,  "Nitrogen  trioxide  (NO,),”  Z.  annrg.  all  gem.  Chem.  233,  47  (1937). 

This  is  a  report  on  the  formation  of  nitrogen  trioxide  (NO,)  by  the  reaction  of  nitrogen  dioxide  with 
ozone. 

NO.  +  O,  -»  NO,  +  O, 

This  reaction  is  followed  by  the  reaction  of  the  NO,  produced  with  additional  NO,. 

NO,  +  NO.  —  NjOs 

Under  a  given  set  of  conditions  a  definite  concentration  of  NO,  can  be  obtained  since  the  N,0,  liberates  a 
definite  amount  of  NO.  which  may  react  with  O,. 

1938' . .  - 

adel.  arthir,  and  lampland,  C.  o..  Ihe  Discovery  of  a  New  Constituent  in  the  Earth’s  Upper  Atmos¬ 
phere,  Nitrogen  Pentoxide,”  Bull.  Am.  Meteorol.  Soc.  19,  33  (1938).  . - 

This  is  an  abstract  of  a  paper  given  at  the  joint  session  with  Section  D  (Astronomy)  at  the  Indianapolis 
Meeting  2  <-29  December  193 1  of  the  American  Meteorological  Society.  Adel  and  Lampland  reported  at 
the  Meeting  their  discovery  of  the  presence  of  nitrogen  pentoxide  as  a  new  constituent  in  the  high  atmosphere* 
The  location  in  the  atmosphere  of  the  new  constituent  is  probably  coincident  with  the  ozone  layer  (10  to 
25  miles  above  sea  level). 

The  discovery  was  made  spectroscopically  by  observations  in  the  far  infrared  region  of  the  spectrum. 
A  humid  atmosphere  obscures  the  infrared  spectrum  of  the  new  constituent.  The  dry  air  above  the  Lowell 
Observatory  (Arizona)  was  essential.  It  was  suggested  that  the  new  constituent  is  the  photochemical 
resultant  of  atmospheric  nitrogen,  oxygen,  and  ozone. 

1939 

ELKINS,  hkrvey  B„  "Toxic  Fumes  —  In  Massachusetts  Industries,”  Industrial  Med.  8,  426  (1939). 

This  is  a  report  by  Hervey  B.  Elkins,  Chemist,  Massachusetts  Division  of  Occupational  Hygiene, 
Boston.  1  he  author  9tates  that  most  occupational  diseases  fall  roughly  into  one  of  three  groups: 
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(1)  Dust  diseases. 

(2)  Occupational  dtinatoses. 

(3)  Poisoning  by  toxic  fumes  and  gases. 

In  order  to  obtain  data  on  as  many  toxic  fumes  as  possible  the  author  prepared  a  table  of  existing 
threshold,  or  maximum  allowable  concentrations  of  solvents  and  gases  known  to  be  toxic.  This  list  was 
— sent  to  some  10  American  and  8  foreign  authorities.  The  suggestions  and  criticisms  of  the  replies  from 
this  questionnaire  were  tabulated  and  considered  in  detail  by  the  Massachusetts  Dust  and  Fume  Code 
Committee.  From  a  careful  study  of  this  evidence  and  additional  literature  research  the  maximum  allow¬ 
able  concentrations  (threshold)  for  some  40  substances  were  proposed. 

This  is  probably  the  most  complete  and  thorough  compilation  ojf  maximum  allowable  concentrations 
for  industrial  gases  and  fumes  prepared  up  until  1030.  A  few  of  the  toxic  gases  are  listed  in  the  table  below 
from  which  .NO;  may  be  compared  with  some  of  the  better  known  toxic  gases. 


Cases  % 

Threshold  Concrltrjation 
ppm  f 

Nitrogen  dioxide 

10 

Hydrogen  sulfide 

20 

Hydrogen  cyanide 

20 

Ozone 

1 

Chlorine 

1 

Carbon  monoxide 

100 

Ammonia 

100 

Sulfur  dioxide 

10 

1941 

barrier.  n.,  chai.onge,  o.,  AM)  MASRIERA,  M.,  "The  Afterglow  Accompanying  the  Thermal  Decomposition 
of  Ozone,"  Compt.  rend.  212,  984-086  (1911 ).  t 

These  investigators  observed  that  above  150°C  the  decomposition  of  ozone  is  accompanied  by  radia¬ 
tion  of  light  which  increased  with  rising  temperature.  Ozone  from  air  or  nitrogen  containing  some  oxygen 
produced  a  strong  afterglow.  If  the  ozone  was  prepared  from  pure  oxygen  containing  only  traces  of  nitrogen 
the  afterglow  was  weak.  The  spectrum  is  continuous  and  extends  fropi  \  3850  A  to  X  6500  A.  The  diffuse 

bands  are  due  to  nitrogen  dioxide.  ;  , 

°  'i  •' 

Edgar,  j.  i..,  and  PANETH,  F.  a.,  "The  Separation of  Ozone  from  Other  Gases,”  J.  Chem.  Soc.  (1941),  pp. 
511-519. 

The  method  described  by  Edgar  and  Paneth  in  the  present  paper  is  based  on  the  condensation  of  ozone 
on  the  surface  of  specially  prepared  silica  gel,  and  its  separation  from  other  gases  by  fraction- '  distillation. 
( )zone  in  any  degree  of  dilution  when  passed  over  silica  gel  cooled  in  liquid  oxygen  can  be  frozen  out  quanti¬ 
tatively,  ami  recovered  without  decomposition  by  subsequently  raising  the  temperature  of  the  silica  gel. 

The  separation  of  ozone  from  nitrogen  dioxide  in  atmospheric  air  is  described.  The  boiling  point  of 
nitrogen  dioxide  is  about  22°C,  making  it  possible  to  keep  NO-  in  the  condensed  state  on  the  surface  of  the 
silica  g>d  while  distilling  off  the  ozone  (boiling  point  —  112.3°C).  It  was  found  that  when  both  gases  (0; 
and  NO»)  were  first  condensed  on  silica  gel  in  a  trap  in  liquid  oxygen,  the  temperature  afterwards  raised 
to  —  129°C  while  a  current  of  oxygen  gas  was  passed  over  the  gel,  the  ozone  was  obtained  quantitatively 
and  no  traces  of  nitrogen  dioxide  could  be  detected  in  the  effluent  gas. 
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EDGAR,  }.  l.,  AND  PANETH,  F.  A.,  "The  Determination  of  Ozone  and  Nitrogen  Dioxide  in  the  Atmosphere," 

J.  Chem.  Soc.  (1941),  pp.  519-527. 

The  method  described  by  the  authors  in  the  preceding  paper  (J,  Chem.  Soc.  (1941),  511-519)  demon¬ 
strated  that  NO:  and  t)3  could  he  sharply  separated  by  adsorption  on  silica  gel  and  subsequent  distillation 
in  a  current  of  oxygen  at  a  temperature  not  exceeding  —  120°C.  The  nitrogen  dioxide  remains  absorbed. 

The  analytical  determination  of  the  NOj  was  accomplished  by  attaching  the  cooled  trap  to  an  evacuated 
vessel  of  about  3-Iiter  capacity,  which  contained  an  acid  solution  of  hydrogen  peroxide.  The  trap  was 
immersed  In  boiling  water  and  flushed  out  with  a  current  of  air  into  the  evacuated  vessel  until  atmospheric 
pressure  was  reached.  The  nitrogen  dioxide  was  left  for  several  hours  in  contact  with  the  hydrogen  peroxide 
solution. 

The  nitrogen  dioxide  thus  converted  to  nitrate  was  determined  with  2:4-xylen-l-ol,  forming  the  nitro¬ 
compound  of  2-4-xylenol  which  is  highly  colored  in  alkaline  solution  (brown).  One  milliliter  of  the  xylenol 
reagent  was  added  and  the  mixture  later  steam-distilled  off,  and  Nesslerized  by  comparison  with  standard 
color  discs. 

No  attempt  was  made  to  correlate  the  possible  bearing  of  the  ozone  and  nitrogen  dioxide  content  of 
London  air  with  meteorological  conditions.  From  the  results  obtained  the  nitrogen  dioxide  content  of 
the  air  in  the  atmosphere  over  London  was  comparable  with  the  amount  of  ozone  present. 

1943 

price,  w.  C.,  "Absorption  Spectra  and  Absorption  Coefficients  of  Atmospheric  Gases,”  Reports  Prog.  Phys. 

(Phys.  Soc.,  London)  9,  10-17  (1942-1943). 

The  absorption  spectra  of  N-O,  N2O3,  NO,  NO-,  N2O5,  and  NOj  are  considered.  Statements  are  made 
concerning  the  possibility  of  their  presence  in  the  atmosphere.  The  abstracts  of  the  report  on  the  above 
gases  are  included  under  the  abstract  for  nitrous  oxide  (N2O),  page  36. 

SUTHERLAND,  G.  B.  B.  M.,  and  CALLENDAR,  G.  s.,  "The  Infrared  Spectra  of  Atmospheric  Gases  Other  than 

Water  Vapor,”  Reports  Prog.  Phys.  (Phys.  Soc.  London)  9,  24  (1942-43). 

The  authors  state  that  the  evidence  for  the  presence  of  nitrogen  pentoxide  in  the  atmosphere  is  rather 
weak.  The  main  argument  for  the  presenre  of  NjO»  in  the  atmosphere  is  the  reported  band  at  7.7  m,  which 
later  was  shown  by  Hettner,  Pohlmann  and  Schumacher  (1934)  to  be  due  to  N2O.  The  ultraviolet  spectrum 
region  does  not  appear  to  lend  support  to  the  presence  of  atmospheric  ^Os. 

beyer,  karl,  "Determination  of  Nitrous  Gases,”  Z.  anorg.  allgem.  Chem.  250,  321  (1943);  Die  Chemie  56, 

14  (1943). 

Two  methods  for  the  determination  of  nitrogen  dioxide  in  air  are  described.  The  first  method  consists 
in  absorption  in  alkaline  iodide  solution,  reducing  the  nitrate  and  nitrite  formed  to  NIL,  and  the  subsequent 
titration  of  the  latter. 

The  second  method  involves  the  photometric  determination  of  NO2  by  absorption  in  alkaline  solution, 
and  measurement  of  the  color  produced  by  the  addition  of  Ilosvay  reagent.  The  second  or  colorimetric 
method  permits  the  determination  of  low  concentrations  of  NO2  and  in  a  much  shorter  time  than  the  first 
or  titrimetric  method. 
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CHOI.AK,  Jacob,  and  mg. NARY,  robkrt  r.,  '"Determination  of  the  Oxides  of  Nitrogen  in  Air,”  J.  Ind.  Hyg. 
Toxicol.  23,  35  J-  (10-13). 

The  authors  from  the  Kettering  Laboratory  of  Applied  Physiology,  College  of  Medicine,  University  of 
Cincinnati,  Cincinnati,  Ohio  have  given  an  excellent  discussion  of  methods  for  the  determination  of  the 
oxides  of  nitrogen  in  air.  Details  of  five  methods  are  given. 

(1)  Phenoldisulfonic  Acid  Method.  _ _ _ 

(2)  Diphenylamine  Spot  Test. 

(3)  Chloranil  Reaction. 

(1)  Titration  of  Liberated  Iodine. 

(5)  Polarographic  Method. 


Comparison  of  Sensitivity  of  Methods . 


Method 

mg  Nitrate  Detected 

Polarographic 

0.0005/ml  solution  in 

polarographic  cell 

Diphenylamine 

0.0025 

Phenoldisulfonic  acid 

0.005 

Chloranil 

0.025-0.050 

PATTY,  f.  A.,  and  petty,  G.  M.,  '"Nitrite  Field  Method  for  the  Determination  of  Oxides  of  Nitrogen,”  J.  Ind. 

Hyg.  Toxicol.  25,  361  (1913). 

The  authors  utilize  the  Greiss-llosvay  Reagent  (a  mixture  of  sulfanilic  acid  and  alpha  naphthyiamine) 
for  a  field  method,  and  employed  sodium  nitrate  color  standards.  The  method  of  analysis,  instructions  for 
sampling,  preparation  of  color  standards,  convenience  of  the  method,  interfering  substances,  effects  of 
temperature,  accuracy  and  precision  are  discussed  in  detail. 

1944 

gaydon,  a.  G.,  ''Continuous  Spectra  in  Flames:  The  Role  of  Atomic  Oxygen  in  Combustion,”  Proc.  Roy.  Soc. 

(London)  A  183,  111-123  (1914). 

The  yellow-green  air,  or  so-called  oxygen,  afterglow,  obtained  when  a  discharge  is  passed  through  air 
or  through  oxygen  containing  a  trace  of  nitrogen  at  a  pressure  of  the  order  of  a  millimeter  of  mercury  was 
studied.  It  was  observed  that  when  a  very  slow  stream  of  nitric  oxide  is  admitted  and  fairly  pure  oxygen 
is  used  in  the  discharge,  a  bright  glow  was  obtained  at  the  point  where  the  gases  mix: - - — - 

The  author  suggests  that  the  yellow-green  continuous  spectrum  emitted  by  some  flames  containing 
oxides  of  nitrogen  is  probably  identical  with  the  spectrum  of  the  air  afterglow  and  is  due  to  a  reaction 
between  nitric  oxide  and  atomic  oxygen.  It  is  stated  that  the  absorption  spectrum  of  the  molecule  of  N02 
shows  a  banded  structure  in  the  visible  region  which  would  indicate  that  absorption  in  this  region  yields  an 
electronically  excited  stable  NOj  molecule.  At  about  3700  A  the  band  structure  merges  into  a  continuum 
indicative  of  the  following  process. 

NOj  +  hv  —  NO  +  O  (1) 


The  reverse  process, 


NO  +  O  -♦  NOj  +  hv 


(2) 
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would  result  in  a  continuous  emission  with  short-wave  limit  at  about  X  3700  A.  If  an  electron  transition 
probability  of  the  order  107  or  10®  per  sec  is  assumed,  and  a  duration  of  the  order  10~17or  10-13  see  for  a  col¬ 
lision,  the  probability  for  reaction  (2)  is  about  10_5which  appears  to  be  of  the  right  magnitude  for  reaction  (2). 


kideh,  B.  F.,  and  Mellon,  M.  c.,  "Colorimetric  Determination  of  Nitrites,”  Ind.  Eng.  Client.  (Anal.  Ed.  18, 
96  (19161). 

This  paper  describes  the  authors’  experiments  upon  the  use  of  a  General  Electric  recording  spectro¬ 
photometer  and  a  Beckman  spectrophotometer  to  determine  (a)  the  effect  of  reagent  concentration,  (b)  light, 
(c)  nitrite  concentration,  and  (d)  the  presence  of  68  diverse  ions  on  the  reddish  purple  color  produced  by 
sulfanilic  acid  and  alpha-naphthylamine  in  the  presence  of  nitrous  acid.  . — . . . . 


Sulfanilic 


ilic  acid  ^ 


4-aminobenzenesulfonic  acid 


diazotizes  nitrous  acid,  the  diazonium  com¬ 


pound  formed  reacts  with  a-naphthylamine  ^l-aminonaphthalene  )  to  y*e^  a  reddish  purple 

colored  compound  which  has  its  minimum  transmittancy  near  520  mji.  The  reactions  involved  are  repre¬ 
sented  as  follows: 


sulfanilic  acid 


acetic  acid 


+  211,0 


diazonium  compound 


diazonium  compound 


’W' 

NHi 


a-naphthylamine 


N  =  N 


+  H-1 


SOiH  NH. 
reddish  purple  dye 


_  Reliable  determinations  can  be  made  by  the  recommended  procedure  in  the  paper  in  the  range  of 

0.025  to  0.600  parts  per  million  of  nitrite  ion. 


STODDaht,  E.  M.,  ''Effect  of  Drying  on  Nitrogen  Oxides,”  Mature  157,  702  (1946). 

This  is  an  abstract  of  investigations  carried  out  by  Stoddart  and  reported  in  full  in  J.  Chem.  Soc.  (1945), 
pp.  448-451,  on  the  effec's  of  drying  the  oxides  of  nitrogen  over  PjOs  forming  a  compound  P2Os  •  2NO, 
thus  shifting  the  equilibrium 

NjO,  ;=£  2ND, 

to  the  right  in  the  liquid.  The  liquid  NjO,  reacts  slowly  with  PjOs  liberating  oxygen  causing  an  increase 
in  pressurt. 


no 


The  dried  li<juid  has  a  normal  vapor  pressure,  and  the  results  obtained  by  Stoddart  on  boiling  points, 
surface  tension,  liquid  density,  and  dielectric  constant  show  that  drying  does  not  influence  the  physical 
properties. 

1947 

AVERELL,  P.  R.,  hart.  tv.  K.,  avoodberry,  N.  t.,  AM)  Bradley,  ay.  it.,  "Determination  of  Nitrogen  Oxides 
in  Air,”  Anal.  Chem.  19,  1040  (1947). 

Reference  is  made  to  the  colorimetric  field  method  for  estimating  the  content  of  nitrogen  oxides  in  indus¬ 
trial  atmospheres  by  Patty  and  Petty  (1913).  The  method  is  based  on  the  hydrolysis  of  NQj  of  N;Oi  to 
nearly  equimolecular  amount's  of  nitric  and  nitrous  acids  with  alpha-naphthylamine,  sulfanilic  acid,  and 
acetic  acid,  the  nitrite  ion  reacting  to  give  a  red  color  with  the  reagent.  The  disadvantage  of  the  method 
was  that  a  field  kit  was  necessary  to  carry  a  standard  fresh  nitrite  solution  to  be  made  up  into  standards 
daily. 

The  authors  in  the  present  paper  have  described  the  preparation  of  permanent  color  standards  corre¬ 
sponding  to  5  to  50  ppm  of  NO;  in  50  ini  of  air  at  25°C.  The  color  standards  were  made  from  cellophane 
strips  blended  with  suitable  dyes  and  calibrated  by  comparison  with  nitrite  standards  prepared  by  the 
method  described  by  Patty  and  Petty  (1913).  The  testing  procedure  is  identical  to  that  of  Patty  and  Petty, 
except  the  use  of  the  dyed  cellophane  standards  obviates  the  necessity  of  preparing  color  standards  from 
various  concentrations  of  sodium  nitrite  and  the  alpha-naphthylamine,  sidfanilic  acid,  acetic  acid  reagent 
in  the  field.  The  cellophane  standards  proved  to  be  quite  satisfactory  for  field  testing. 

debiehne,  amdre,  "The  Bikini  Cloud,”  Compt.  rend.  221,  1220-1222  (1917). 

In  this  paper  the  author  has  discussed  the  presence  of  the  oxides  of  nitrogen  in  the  atmosphere  from 
atomic  bomb  explosions.  The  presence  of  these  oxides  is  confirmed  by  the  reported  color  of  the  cloud. 
Theoretically  50,000  kg  (55  tons)  of  nitric  acid  could  be  produced  by  one  such  explosion.  The  importance 
of  this  large  amount  of  acid  on  meteorological  phenomena  is  considered  in  the  report. 

HIEBER,  WALTER,  "The  Structure  of  the  Oxides  of  Nitrogen,”  Sitzber.  math-naturw.  Abt.  bayer-Akad.  IViss. 
Munchen  (1947),  175  (1949);  Chem.  Zentr.  (1950),  I,  681. 

The  authors  report  that  the  oxides  of  nitrogen,  N;03  and  NjOa,  may  be  regarded  as  nitrosyl  compounds 
in  which  the  NO  is  present  as  the  NO"  radical.  Thus  NjOj  is  considered  to  be  (NO+)aO  and  N20,  as  NOfNOj. 

The  deep  color  of  nitrogen  sesquioxide  (NjOj)  is  explained  from  this  structure  and  is  due  to  the  polariza¬ 
tion  of  the  O-  ion.  Since  the  NO»"  ion  is  only  slightly  polarized,  nitrogen  tetroxide  (Nj04)  is  colorless. 

1948 

FLAGG,  John  F.,  and  LOBENE,  RALPH,  "A  Rapid  Method  for  the  Determination  of  Nitrogen  Oxides  in  Air,” 

J.  Ind.  Hyg.  Toxicol.  30,  370  (1918). 

Two  distinrt  and  different  methods  for  determining  nitrogen  oxides  (NO,  NO-,  N;Oi)  in  air  are  available: 

(1)  Oxidation  of  the  oxides  to  nitric  acid  using  hydrogen  peroxide  in  suitable  solution.  The  nitric  acid  is 
then  determined  by  conventional  methods,  such  as  diphenylamine,  chloranil,  phenoldistilfonic  acid,  or 
polarographic  methods.  (2)  Absorption  of  the  oxides  in  a  suitable  solution,  and  the  determination  of  the 


Ill 


nitrous  acid  with  alpha  naphthylamine  sulfanilic  acid  reagent.  Permanent  color  standards  have  been 
developed  for  this  method. 

The  advantages  and  disadvantages  are  given  for  each  method.  The  method  described  by  the  authors 
in  the  present  paper  involves  the  absorption  of  the  oxides  of  nitrogen  on  silica  gel,  treating  with  diphenyla- 
mine,  and  comparing  the  color  with  standards.  The  sensitivity  is  1-50  ppm  (parts  per  m  illion)  of  NOj 
The  advantages  claimed  for  the  method  are  sensitivity,  speed,  and  the  reejuirement  of  only  simple  apparatus, 
and  reagents.  The  disadvantage  is  moderate  accuracy. 

Johnston,  w.  s.,  "Some  Methods  of  Detection  and  Determination  of  Gases  Encountered  Underground,” 
S.  African  Ind.  Chemist  2,  107-111  (1948). 

In  tbis  paper  read  to  the  South  African  Association  of  Assayers  the  author  from  the  Geduld  Proprietary 
Mines,  Ltd.,  states  that  in  confined  places  such  as  underground  workings,  small  quantities  of  certain  gases 
may  seriously  impair  the  health  of  the  worker.  The  noxious  gases  encountered  underground  are:  nitrous 
fumes  NOj,  IIjS,  IICN,  SOji  Clio  CO,  and  COj. 

The  Mining  Regulations  No.  58c  and  68b  state  that  no  practically  detectable  traces  of  the  oxides  of 
nitrogen  shall  be  present  in  either  gold  or  coal  mines  under  the  Mine  Works  and  Machinery  Regulations. 
Nitrous  fumes  may  be  produced  by  the  burning  of  low  grade  cheesa  sticks  or  the  detonation  or  burning  of 
nitroglycerine. 

It  i's  stated  that  nitrous  fumes  are  among  the  most  dangerous  gases  encountered  underground.  Exposure 
to  0.05  percent  of  NOj  for  i  hour  may  cause  death  through  bronchitis  within  24  hours.  The  potassium 
iodide  method  was  employed  in  the  determination  of  the  underground  N02. 

2KI  +  2NO,  +  O,  —  I,  +  2KNOj 

The  iodine  liberated  is  estimated  by  titration  with  N  10  sodium  thiosulfate  with  starch  as  indicator. 

The  sources  of  the  other  gases  encountered  underground,  their  detection,  quantitative  determination, 
and  Mining  Regulations  concerning  their  presence  are  discussed  in  full. 

1949 

JOHNSTON,  Harold  S.,  AND  yost,  DON  M.,  "The  Kinetics  of  the  Rapid  Gas  Reaction  between  Ozone  and 
Nitrogen  Dioxide,”  J.  Chem.  Phys.  17,  386  (1949). 

This  is  a  study  of  the  kinetics  of  the  fast  reaction  between  ozone  and  nitrogen  dioxide  which  has  been 
found  by  Wulf,  Daniels,  and  Karrer  (1922)  to  proceed  quantitatively  according  to  the  equation 

2NOj(g)  +  0,(g)  -  N205(g)  +  0 ,(g) 

The  experimental  method,  apparatus  employed,  results  of  the  rate  measurements,  computations,  effects 
of  temperature,  and  a  proposed  mechanism  to  account  for  the  observations  are  described  and  discussed  in 
detail.  The  rate  law  was  found  to  obey  the  equation 

-d(03)/*  =  fc(N02)(Oj) 

for  the  entire  course  of  the  reaction.  The  energy  of  activation  was  found  to  be  7.0  ±  0.6  kilo-calories  per 
mole.  At  2UC  the  average  value  of  the  rate  constant  k  is  3.66  X  107  cm’/mole-sec,  the  standard  deviation 
for  27  cases  was  0.31  in  the  same  units,  the  standard  error  of  the  mean  is  0.07. 


.vmiosil.  h.  r..  vv..  imp  I’ohtkh,  “(  de-mical  liiMi'iion-  Prod need  by  Wry  High  Light  Intensities,"  Suture 
161.  65H 

In  this  letter  to  the  editor  the  authors  state  that  it  is  a  matter  of  general  exjierienee  tliat  photochemical 
reactions  are  not  much  altered  in  their  coiir-es  by  change  of  light  intensity.  The  range  of  light  intensity 
hitherto  available  has  been  limited  In  that  ol.tainahle  from  the  sun  and  from  such  sources  as  high-pressure 
mercury  lamps,  the  total  Usahle  output  of  which  in  the  region  between  21100  and  5000  A  does  not  exceed 
10- ’  quanta  second. 

A  description  is  given  of  the  gas-discharge  Hash-lamp  which  had  recently  been  developed  for  photo¬ 
graphic  purposes.  The  output  is  described  as  being  continuous  down  to  at  least  2000  A,  and  appears  to 
be  fairly  evenly  distributed.  A  table  is  included  which  gives  the  percentage  decomposition  with  a  single 
Hash  of  1000  Joules  lasting  less  than  2  in  see  (meter  seconds).  The  substance  is  contained  in  a  quartz  tube, 
one  meter  long,  lying  parallel  to  the  lamp. 

.Nitrogen  dioxide  (.NO;)  is  one  of  the  substances  listed  in  the  table  under  a  pressure  of  I  ein  llg,  N(.)j 
was  nearlv  100  percent  dissociated  under  the  conditions  of  the  experiment. 

PKitKui  i),  k.  a.,  "Gas  Analyzer-Colorimeter  of  Visual  Type,"  Zuiwlskavn  Lub.  15,  665  ( 10 19). 

The  apparatus  described  in  this  paper  consisted  of  a  small  absorption  bulb  into  which  the  gas  sample 
is  introduced  from  a  sample  pipette.  Nitrogen  dioxide  is  determined  by  Idling  the  hulh  with  safranine  solu¬ 
tion  and  the  color  produced  is  compared  visually  with  a  color-concentration  scale. 

I’oi  ksii  vkv.  ami  mitt V\.  v.  v..  "Determination  of  Sulfur  Dioxide- and  Nitrogen  Dioxide  in  Air,” 

(tiuienn  i  Sunil.  (I'M')i,  No.  11.26  29. 

Nitrogen  dioxide  is  determined  by  pa-sing  the  air  sample  through  an  H  percent  solution  of  potassium 
iodide,  and  analyzed  eolorimetrically  by  din/otization  of  sulfanilie  acid,  coupling  with  I -naphthy  lamine  in 
the  presence  of  sodium  sulfite.  The  color  which  is  developed  is  compared  with  standard  color  samples. 

HEED,  IIOMKR,  KE  VI  OH.  vtYHL  a.,  a > D  sTKiULKV,  AltTHl  it  f..  Jit.,  "  The  Petroleum  Industry  and  Smog,” 

Petroleum  Processing  I,  .i'll  (19 f')j. 

.•smog  is  a  contraction  of  the  words  smoke  and  fog.  It  has  become  a  matter  of  increasing  concern  in 
the  I  .os  Angeles  area.  Suing  denotes  a  condition  in  which  natural  haze  and  air  contaminants  produce  a 
murky  atmosphere  which  sometimes,  but  not  necessarily,  causes  eye  irritation. 

As  a  result  of  thousands  of  analy  tieal  tests  made  on  a  daily  basis  the  following  table  is  included -showing' 
the  amounts  of  contaminants  in  the  air  in  the  downtown  Los  Angeles  area. 

Contaminant  Usual  Concentration 

_ VV™ _ 

Sulfur  diosiilr  (SO;)  Trace  —  0.5 

Sulfur  trioxide  (SOj)  0  —  0.1 

Aldehydes  0  —  0.3 

Carbon  monoxide  (CO)  0  —  0.2 

Nitrogen  oxide**  (NO,  NO:,  N„»0«)  0  — 0.5 

Sulfur  (elemental)  0  —  Trace 

The  paper  is  concerned  primarily  with  the  amounts  of  sulfur  dioxide  released  to  the  atmosphere  by 
refineries. 
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SCI1HENK,  II.  II.,  HEIM ANN',  HARRY,  (XmO>',  GEORGE  D.,  GAFAFEH,  W.  M.,  AM)  tVEXI.EII,  IIAKIIY,  "Air  Pollution 
in  Donora.  l’emisy  Iv.mia.  Epidemiology  of  the  Unusual  Smog  Episode  of  October  1948,”  U.  S.  Public 
Health  Bull.  .No.  300.  173  |>|>.  (1919). 

During  the  last  week  of  October  1918  a  heavy  smog  settled  down  over  the  area  surrounding  Donora, 
Pennsylvania.  Meteorologists  described  the  condition  as  a  temperature  inversion  and  anticyelonic  char¬ 
acterized  by  little  or  no  air  movement,  prevailing  over  a  wide  area  of  western  Pennsylvania,  eastern  Ohio, 
and  parts  of  Maryland  and  Virginia.  There  was  a  prolonged  stable  atmospheric  condition  accompanied 
by  fog,  permitting  the  accumulation  of  atmospheric  contaminants  resulting  in  dense  smog. 

The  smog  encompassed  the  Donora  area  on  the  morning  of  Wednesday  27  October  1918.  The  smog 
continued  through  Thursday.  On  Friday  a  marked  increase  of  illness  became  prevalent  with  the  result 
that  by  Saturday  evening  17  persons  were  dead,  while  3  more  deaths  followed  a  few  days  afterward  among 
those  who  fell  ill  during  the  smog. 

This  study  is  a  detailed  report  of  an  investigation  by  the  Division  of  Industrial  Hygiene  of  the  Public 
Health  Service  in  Washington,  1),  C.  The  rejnirt  comprises  173  pages.  The  plan  of  the  investigation  was 
(1)  to  ascertain  the  cause  of  the  Donora  episode,  and  (2)  to  obtain  information  applicable  to  preventing 
future  occurrences.  Three  major  factors  were  investigated:  (1)  The  effects  on  people  and  animals,  (2)  Con¬ 
taminants,  and  (3)  Meteorological  conditions. 


With  reference  to  the  determination  of  atmospheric  contaminants  the  oxides  of  nitrogen  were  deter¬ 
mined  from  atmospheric  and  stack  gas  samples.  The  method  employed  consisted  in  absorption  in  sulfuric 
acid  and  hydrogen  peroxide.  The  oxidized  nitrogen  oxides  were  determined  colorixnetrically  by  the  phcnol- 
disulfonic  acid  method.  The  color  was  measured  at  110  millimicrons  (mp)  by  the  Coleman  spectro¬ 
photometer,  and  the  nitrogen  concentration  read  from  a  standard  curve.  The  following  table  gives  the 
results  of  the  analyses. 

Concentration  Kaugc  Number  of  Samples 

ppm 

0.00-0.19  23 

0.20-0.39  3 

0.40-0.59  6 

0.59  or  over  1 


The  concentrations  of  the  oxides  of  nitrogen  wee  of  a  low  order  of  magnitude.  In  the  discussion  of 
the  cause  of  the  episode,  the  concentrations  of  the  oxides  of  nitrogen  found  in  the  atmosphere  during  the 
investigation  were  so  small  that  the  possibility  was  remote  that  levels  accumulated  during  the  October 
1948  episode  were  capable  of  producing  the  sy  ndrome  observed. 

The  summary  and  conclusion  of  the  investigation  indicated  that  the  episode  in  which  a  total  of  5910 
persons  (42.7  percent;  in  the  Donora  area  were  affected,  was  not  an  accidental  occurrence  but  rather  resulted 
from  the  accumulation  of  atmospheric  pollutants  during  an  unusually  prolonged  stable  air  condition.  /Vo 
single  substance  was  responsible,  the  sy  ndrome  could  have  been  produced  by  a  combination,  or  summation 
of  the  action,  of  several  contaminants. 
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1950 


Mtll.L.  II.  w.,  "Atmospheric  Phenomena  at  High  Altitude*.  Oxide*  of  Nitrogen,”  University  of  Michigan, 
Signal  Corps  Project  17-U,  Progress  Report  No.  17,  14  November  1949  to  13  February  1950,  Contraet 
No.  M -36-039  m-  32307,  page  22  (1950). 

The  author  states  that  in  a  survey  of  the  different  experimental  chemical  techniques  for  the  detection 
and  measurement  that  methods  exist  for  all  of  the  oxides  of  nitrogen  except  nitrous  oxide  (N-O).  The  tech¬ 
nique  is  incapable  of  distinguishing  between  the  different  oxides,  NO,  NO2,  NjO,,  NjOj,  or  N,05.  A  dis¬ 
tinction  between  these  oxides  would  be  quite  meaningless  because  oe  the  comparative  ease  with  which  they 
are  transformed  from  one  form  to  another. 


Reference  is  made  to  the  method  of  converting  the  oxides  to  the  nitrate  and  the  subsequent  detection 
by  one  of  the  following  tests  (a)  chloranil,  (b)  phcnoldisulfonic  arid,  (c)  diphenylamine,  and  (d)  polaro- 
graphic  method.  It  is  pointed  out  that  there  are  also  techniques  for  the  detection  of  nitrous  acid  formed  by 
the  solution  of  NO;  in  water.  The  method  involves  the  use  of  acetir  acid  solutions  of  sulfanilic  acid  and 
alpha-naphtlnlamine  (the  Ureiss-Ilosva/  reagent).  The  arctic  arid  solution  of  sulfanilic  acid  converts  the 
nitrite  to  a  diaro  compound  which  reacts  with  the  aipha-naphthvlamine  to  form  a  red  diazo  dye.  Reference 
is  made  to, the  adaptation  of  this  technique  by  Patty  and  Petty  (1943)  in  devising  a  micro  method  for  the 
analysis  of  NO,  in  small  samples  of  air. 

The  author  describes  the  adaptation  of  the  method  of  Patty  and  Petty  to  test  gas  samples  of  air  of  »he 
order  of  1  ml  N.T.P.  The  method  was  thoroughly  cheeked  for  reliability,  sensitivity  anil  selectivity  by 
employing  various  socially  prepared  gas  blends.  The  author  reports  the  results  of  the  analysis  for  NOj 
of  four  rocket  samples  shown  in  the  table  below.  There  was  uncertainty  as  to  the  source  or  the  form  of  these 
oxides  at  the  time  of  collection  or  formation.  The  following  equilibrium  equations  arc  given  as  being  of 
significance. 

dark 


0,  +  2NO 

,  —  2  NO, 

(1) 

light 

Room  Temp. 

2NO, 

, _ Zl  N,0, 

(2) 

NO  +  NO, 

_  N,0, 

(3) 

Results  of  Analysis  for  NO*  from  Rocket  Samples 


Rocket  No, 

Height  of  Sampling 
Km 

Analysis  by  Volume 
PPm 

A  P  L  V-2  *35 

55.4—65.5 

83 

APLV-2  ,40 

49.0-39.8 

180 

Aerober  SC-2 

49.6-33.6 

480 

Aerobee  SC-3 

47.0-30.4 

60 

OCG,  Richard  A.,  JR..  "Nitrogen  Pentoxide  Formation  in  the  Oxygen-Nitric  Oxide  Reaction,”  J.  Chem.  Phvs. 
18,  770  (1950). 

The  author  states  that  the  standard  free  energy  change  of  the  reaction, 

2NO  +  3/20,  ->  N,Os  (1) 

may  he  found  from  the  well-known  thermodynamic  properties  of  NO  and  O,  together  with  the  heat  of  forma¬ 
tion  of  N,Ot. 


From  previous  kinetic'  coiiMjlcrutiun*  it  had  l»een  suspected  that  under  |>roj>er  conditions  the  rate  of 


reaction  (li  might  he  significant  in  tfie  rate  of  the  reaction 

2NO  -F  Oj  — *  2NO,  (2) 

which  prev  iously  had  lieen  eon-i  lered  the  wile  process  of  the  oxyger. -nitric  oxide  system.  The  following 
propped  mechanism  i*  given  for  reaction  (I). 

NO,  4~  O,  -F  NO  — i  NO,  4"  NO,  A*a  (a) 

NO,  4-  NO,  —  NjO;,  hb  (b) 

NO,  4-  NO  -»  2ND,  ke  (c) 


It  hic  concluded  front  the  r  ■stilt*  of  the  experiments  in  this  investigation  that  N,Oj.  unequivocally, 
is  formed  in  significant  amounts.  A  brief  description  of  the  experimental  method,  und  a  discussion  of  the 
data  obtained  are  included. 


wtor,  uvRi.vM)  a.,  t:t.kl\s,  iikhvkv  B.,  am>  boitoi.o,  bexjamix  P.  tv.,  “Composition  of  Nitrous  Fumes 
from  Industrial  Processes,'*  .  IrcA.  Inti.  Ilvg.  Occtijmlitmal  Med.  1,  III  (1930). 

The  authors  state  that  of  the  toxic  gases  occurring  in  industry  which  occasionally  jeopardize  the  public, 
the  oxides  of  nitrogen  are  among  the  most  dangerous.  Reference  is  made  to  the  Cleveland  Clinic  lilm  disaster 
in  1929  in  which  123  deaths  resul  ed  due  to  the  inhalation  of  these  fumes. 

The  following  topics  are  considered  in  the  report:  (1)  Chemistry  of  nitrous  fumes.  (2)  Toxicologic 
observations.  (3f  Lalmratory  ex  s-riments.  (1)  Compisition  of  nitrous  fumes  unabsorbed  by  silica  gel. 
(3)  Field  experiments  where  studies  were  made  in  eleven  establishments  of  nitrous  fumes  given  off  in  actual 
industrial  processes.  \U)  Permissible  concentration  for  nitrous  fumes. 

The  authors  rejiort  a  method  for  the  separate  determination  of  the  nitric  oxide  and  the  nitrogen  dioxide 
in  the  air,  based  on  the  fact  that  NO,  is  absorbed  by  silica  gel.  The  efficiency  is  approximately  89  percent, 
and  the  29  percent  not  absorbed  is  largely  converted  to  nitric  oxide. 


way. me,  low  eli  c.,  a>d  yost,  t>o>  m.,  "Kate  of  the  Rapid  Gas  Phase  Reaction  between  NO,  NO,  and  11,0,” 
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J.  Chem.  Phvs.  18,  767  (1930). 

In  this  study  the  authors  hav  :  used  the  cathode-ray  oscillograph  to  investigate  the  following  reaction, 
Nt  (g)  4-  NO,  (g)  4-  H,0  (g)  -  2 II  NO,  (g)  (1) 

which  the  authors  suggest  is  probably  involved  in  the  atmosphere  immediately  after  a  lightning  stroke. 
Cine  hundred  and  twenty-three  separate  runs  were  made  at  temperatures  from  23°  to  25°C. 

Employing  a  constant  large  excess  pressure  of  NO  (1  atmos)  the  ratio  between  the  concentrations  of 
the  molecular  specie*  NO  and  N,Oj  was  kept  constant  at  2.1.  The  initial  partial  pressure  of  NO,  (g)  was 
varied  from  0.00.3  to  0.03  atmos,  the  11,0  (g)  between  0.09  and  0.023  and  the  molecular  ratio  of  NO,  to 
11,0  between  0..31  and  2.3.  i 

The  general  differential  rate  e  juation  was  written  as 

dx  xdt  —  F[(a  —  x/2 )(b  —  x/2)  —  x!/K]  (2) 

where  x  denote*  Pn s-,,.,  n  and  h  arc  nitiai  values  of  PNO,  and  P\\s>,  respectively,  k  is  the  rate  constantof  reac¬ 
tion  (l  i,  and  K  the  appropriate  equilibrium  constant,  F  is  a  factor  to  represent  any  catalytic  or  inhibitory 
inlluences  affecting  the  rate.  The  rate  constant  k  was  estimated  at  7.3  X  10*  atmos-1  sec-1. 
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1951 

Carrington,  tucker,  and  Davidson,  Norman,  "Photoelectric  Observation  of  the  Rate  of  Dissociation  of 
N',0,  by  a  Shock  Wave.”  J.  Chem.  Phys.  19,  1313  (1951). 

The  ratca  of  the  very  fast  reaction, 

N,0,  ^  2NO» 

is  of  special  interest  in  connection  with  the  study  of  the  dispersion  of  sound  velocity  in  a  dissociating  gas 
(Einstein,  .S, fiber.  preuss.  Akad.  ff'iss.,  380  (1920)). 

The  principle  of  the  method  described  in  this  letter  to  the  editor  involves  a  rapid  compression  and 
heating  of  the  equilibrium  mixture,  NO,,  NjO,.  the  subsequent  dissociation  of  N,0,  is  then  followed  by 
fast  photoelectric  techniques.  A  detailed  description  is  given  of  a  typical  experiment.  Precise  measure¬ 
ments  of  the  shock  velocity,  and  of  the  shock  temperature  and  pressure  had  not  yet  been  made.  Preliminary 
experiments  gave  a  unimolecular  rate  constant  for  the  dissociation  of  N,Ot  of  1  X  101  sec-1,  at  25°C  and 
1  atmos  of  N,. 

Johnston,  Harold  s.,  "Four  Mechanisms  Involving  X'itrogen  Pentoxide,”  J.  Am.  Chem.  Soc.  73,  4542 
(1951). 

Four  complex  kinetic  systems  involving  N,0,  are  given  in  this  report.  These  can  be  expressed  in  terms 
of  eight  processes.  The  four  mechanisms  are:  (1)  The  decomposition  of  nitrogen  pentoxide,  (2)  the  decom¬ 
position  of  nitrogen  pentoxide  in  the  presence  of  nitric  oxide,  (3)  the  decomposition  of  ozone  in  the  presence 
of  nitrogen  pentoxide,  and  (4)  the  formation  of  nitrogen  pentoxide  from  ozone  and  nitrogen  dioxide. 

The  eight  reaction  processes  are: 


ajM 

N,0,  +  M 

N,0*,j  +  M 

(i) 

b;M 

W  +  M  -L- 

N,0,  +  M 

(2) 

N,0„ 

NO,  +  NO, 

(3) 

NO,  +  NO, 

N,05j* 

(4) 

NO,  +  NO, 

NO  H”  Oj  NOj 

(5) 

NO  +  NO, 

2NO* 

'  (6) 

NO,  +  NO, 

2NOj  -j-  Oj 

(7) 

NO,  +  0,  - » 

NO,  -f  0, 

(8) 

Larson,  cordon  p.,  "second  Technical  and  Administrative  Report  on  Air  Pollution  Control  in  Los  Angeles 
County"1  (1930-51). 

The  report  is  subdivided  into  ten  sections  as  follows: 

I.  'fi  hy  Los  Angeles  County  has  Smog. 

II.  How  Smog  Affects  Us. 

III.  What  Contaminates  the  Air. 


117 


IV.  How  Smog  in  Controlled. 

V.  Administration. 

VI.  Analysis  of  the  Los  Angeles  Atmosphere. 

VII.  Chemical  and  Physical  Properties  of  Los  Angeles  Smog. 

VIII.  Total  Daily  Emissions  to  the  Los  Angeles  Atmosphere. 

IX.  Reduction  in  Pollution  Levels. 

—  - X.  Effects  of  Los  Angeles  Smog  on  Vegetation.  - - - - - - 

In  answering  the  question  why  Los  Angeles  has  smog,  it  is  stated  that  the  air  which  normally  reaches 
the  California  coast,  particularly  in  summer,  comes  clockwise  around  a  large  high  pressure  area  lying  over 
the  Pacific  Ocean  with  its  center  north  of  Hawaii.  As  the  column  of  air  moves  southeastward  around  this 
"high,”  the  upper  portion  sinks  and  is  heated  by  compression.  The  air  next  to  the  o  'ean  surface  is  cooled 
from  below.  This  produces  a  layer  of  cold,  inoist  layer  below  the  warm,  dry,  descending  layer.  This  condi¬ 
tion  is  known  as  a  temperature  inversion,  with  warm  air  above  a  layer  of  cold  air. 

In  section  VI,  Analysis  of  the  Los  Angeles  Atmosphere,  a  brief  discussion  is  given  about  the  oxides  of 
nitrogen  in  the  atmosphere,  nitrogen  dioxide  (NO2)  being  the  most  prevalent.  The  following  reaction  occurs 
when  NO]  is  dissolved  in  an  alkaline  medium. 

2NO,  +  HjO  —  UNO,  +  UNO, 


Since  an  equimolecular  mixture  of  nitrite  and  nitrate  is  formed,  the  method  used  for  analysis  consists  in 
determining  the  amount  of  nitrous  acid,  and  multiplying  by  a  factor  of  two  in  order  to  calculate  the  total 
amount  of  oxides  of  nitrogen. 


The  method  employed  in  the  laboratory  was  based  on  the  Griess-Uosvay  reaction  for  the  determina¬ 
tion  of  nitrites.  The  sulfanilic  acid  reacts  with  nitrous  acid  yielding  a  diazonium  salt  which  when  coupled 
with  alpfra-naphthylamine  produces  a  pink  color.  A  colorimeter  is  used  to  measure  the  intensity  of  the 
color,  and  hence  the  amount  of  nitrite. 

In  section  VII,  the  Chemical  and  Physical  Properties  of  Los  Angeles  Smog  is  considered.  With  refer¬ 
ence  to  the  role  of  NO-,  the  absorption  of  solar  energy  leads  to  the  photodissociation  of  the  NO2  molecule 
into  nitric  oxide  (NO)  and  atomic  oxygen  (O). 

NO2  "f~  hv  — ►  N  O  +  0 


The  nitric  oxide  combines  with  molecular  oxygen  and  regenerates  the 

2NO  +  0,  —  2N’0i 

.original  nitrogen  dioxide  molecule.  _In  this  respect  NO:  is  considered  as  a  catalyst,  available  for  an  indefinite 
number  of  such  cycles.  The  atomic  oxygen  formed  during  the  cycle  is  able  to  react  with  organic  compounds 
and  molecular  oxygen  yielding  complex  intermediate  peroxide  compounds  and  ozone,  producing  the  oxidiz¬ 
ing  properties  of  Los  Angeles  air. 


matheson,  deloss  it.,  "Inorganic  Nitrogen  in  Precipitation  and  Atmospheric  Sediments,”  Can.  J.  Technol. 
29,  -106-112  (1951). 

This  investigation  extended  over  a  period  of  18  months  starting  in  January  1919.  Daily  determinations 
were  made  of  the  inorganic  nitrogen  contained  in  precipitation  and  atmospheric  sediments  collected  at 
Hamilton,  Ontario. 
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1  hr  pcrimental  method  is  described.  The  nitrogen  eontent  was  determined  as  ammonia,  and  as 
nitrate  In  In-  regular  ehemieal  methods  for  the  anals  sis  of  these  nitrogen  eoin[iounds.  Several  summariz¬ 
ing  table-  nl  the  re-ults  are  ineltuled.  It  was  found  that  significant  amounts  of  inorganic  nitrogen  com¬ 
pounds  are  eontrihuted  to  soil  and  the  surface  of  bodies  of  water  by  the  deposit  of  precipitation  and  atmos¬ 
pheric  sediments. 

Durin:  the  la~t  six  months  of  10  19,  210  milligrams  of  nitrogen  per  square  meter  were  collected.  This 
is  equivalent  to  .>.2  lb  per  acre  per  year.  The  collections  for  the  year  1930  totaled  6.2  lb  per  acre  per  year. 
Ot  this  amount  of  to.al  nitrogen  an  average  of  36  percent  was  ammonia  nitrogen. 


MIKPlltRn.  MARTIN,  and  rock.  s.  M-.  HOWARD,  ROYCK,  and  stormes,  JOHN,  '"Isolation,  Identification, 
and  Estimation  of  Caseous  Pollutants  of  Air,”  Anal.  ('.Item.  2.3,  1431  (1931). 

'I  he  authors  from  the  National  Bureau  of  Standards,  Washington,  D.  C.,  and  the  Consolidated  Engi¬ 
neering  (.o-poration,  Pasadena.  California  have  described  the  use  of  the  mass  spectrometer  in  the  examina¬ 
tion  and  identification  of  gaseous  pollutants  of  air  in  smog.  Three  essential  steps  are  outlined:  (1)  Isolation 
of  the  gas  etuis  pollutants  from  the  air  on  a  liller  at  the  temperature  of  liquid  oxygen.  (2)  Separation  of  the 
isolated  concentrate  by  isothermal  distillation  or  sublimation  at  low  temperatures  and  pressures.  (3) 
Immediate  analysis  of  the  distillate  with  the  mass  spectrometer. 

Each  of  these  steps  is  thoroughly  described  in  detail.  Nitrous  oxide  was  identified  from  peaks  30  and 
1 1.  'I  he  u  etliod  has  a  sensitivity  of  JO-1  ppm  of  some  pollutants  from  a  100-liter  sample  of  air,  and  with 
larger  samples  10"'  ppm  of  some  substances  can  be  determined. 

I  he  g:  -eon*  pha-e  ol  the  smog  wa-  found  to  lie  of  the  order  of  0.3  ppm  of  Los  Angeles  air.  The  most 
important  nl  some  90  chemical  compounds  identifie  !  in  the  smog  were  the  oxidized  unsaturated  hydro¬ 
carbon-.  oxidized  with  ozone  and  nitrogen  dioxide  in  the  presence  of  sunlight,  producing  substances  which 
con-titute  it  large  projtortion  of  smog  concentrates.  These  oxidation  products  cause  eve  and  respiratory 
irritation.  The  re-ult-  of  the  present  paper  support  the  ev idenee  obtained  by  Ilaagen-Smit  (1951)  that  the 
presence  oil  peroxides  in  particulate  matter  characterize  the  damaging  components  in  smog. 


Ht.ACET.  K.  K.,  Photochemistry  in  the  Lower  Atmosphere,”  tnd.  Eng.  C.hem.  44,  1339-1342  (1932). 

I  his  is  a  paper  presented  at  the  Symposium  on  Air  Pollution  at  the  XII  International  Congress  of  Pure 
and  Applied  t.hemi-try.  New  lurk.  September  1951.  A  brief  resume  is  given  of  the  oxygen  role  in  the 
upper  atnw  -phere  in  the  formation  of  ozone.  The  following  mechanism  is  given  as  a  possible- way  in  which 
ozone  may  be  formed  in  the  lower  atmosphere  as  a  by-product  of  the  photolysis  of  sulfur  dioxide. 

S02  +  hv  —  80s*  (1) 

SO-*  +  Oj  —  SO,  - .  (2) 

SO,  +0-  —SO,  +  O,  (3) 

IIjO  +  SO,  —  II-SO,  (4) 

\X  ith  r  -feretu  e  to  the  oxides  of  nitrogen  it  is  stated  that  they  are  to  be  expected  as  combustion  products 

in  indu-trk  I  area-.  I  he  oxides  of  nitrogen  have  been  found  in  Los  Angeles  atmosphere  in  concentrations 

comparable  lor  -uilur  dioxide  (Annual  Keport,  1919  1950,  Air  Pollution  Control  District  County  of  Los 
Angeles,  California '. 
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The  author  in  the  present  paper  states  that  nitrogen  dioxide  (NO-)  may  be  regarded  as  the  most  preva¬ 
lent  of  the  oxides  of  nitrogen  in  air  pollution.  Nitrogen  dioxide  absorbs  radiation  from  6901)  A  down  to  well 
below  2000  A.  Front  6000  to  3700  A  it  is  stated  that  the  spectrum  indicates  only  the  formation  of  excited 
molecules,  and  the  dissociation  quantum  yield  is  low.  However,  below  3700  A  the  absorption  bands  are 
diffuse  and  the  primary  quantum  efficiency  of  dissociation  is  near  unity  (Dickinson,  K.  (».,  and  ISaxter,  W.  P., 
J.  Am.  Chent.  Nor.  50,  771  (1928);  Holmes,  11.  11.,  and  Daniels.  F.,  J.  Am.  Chan.  Soc.  56,  6307  (193,1)). 

The  following  speculative  mechanism  is  given  where  the  oxygen-nitrogen  dioxide  ratio  is  very  large. 


NO,  +  he  -  .NO  +0  (5) 

0  +0,-0,  (6) 

NO  +  0,  -*  NO,  (7) 

NO,  +  O,  ->  NO,  +  O,  '  (8) 

(overall  equation)  30,  — *  20,  (9) 


These  postulated  steps  are  reasonable  and  indicate  a  way  in  which  nitrogen  dioxide  may  serve  as  an  inter¬ 
mediate  in  making  solar  radiation  available  for  use  in  the  formation  of  atmospheric  ozone  from  oxygen.  In 
equation  (8)  NO,  is  regenerated  and  therefore  available  u,  repeat  the  process.  Nitrogen  dioxide  may  be 
more  effective  than  sulfur  dioxide  in  forming  ozone  in  the  lower  atmosphere,  (a)  because  of  a  much  higher 
primary  quantum  efficiency,  and  (b)  because  ol  its  catalytic  effect,  sulfur  dioxide  not  being  regenerated  in 
the  above  mechanism  for  ozone  formation  from  the  photolysis  of  SO,. 

It  is  [minted  out  that  these  reactions  occur  in  the  lower  atmosphere  while  none  of  the  high  altitude 
photochemical  reactions  can  occur  in  the  lower  atmosphere.  The  photochemical  reactions  which  occur  in 
the  lower  atmosphere  arc  initiated  as  a  result  of  sunlight  absorption  by  atmospheric  pollutants  produced 
primarily  in  industrial  processes.  The  formation  of  ozone  by  the  catalytic  action  of  nitrogen  dioxide  may 
prove  to  be  the  most  significant. 

An  excellent  bibliography  of  twenty  references  is  included.  The  list  includes  such  names  as:  S.  Chapman, 
C.  II.  Bamford,  K.  Pcnndorf,  O.  R.  Vi  ulf,  C.  Fabry,  and  others. 

CRAY,  EDWARD  LeB.,  MaC.NAMEE,  JAMES  K.  AND  GOLDBERG,  STANLEY  B.  "Toxicity  of  NO,  Vapors  at  Very 

Low  Levels,”  Arch.  Ind.  Ilyg.  Occupational  Med.  6,  20  (1952). 

The  opinions  of  various  workers  differ  greatly  as  to  the  toxic  levels  of  NO,  vapors,  particularly  for 
chronic  exposures  at  low  levels.  There  is  also  a  great  divergence  of  values  for  the  maximum  allowable 
concentrations. 

The  value  set  by  the  American  Standards  Association  and  others  is  25  ppm  (parts  per  million).  The 
authors  point  out  the  risk  involved  in  translating  experiments  on  animals  to  conditions  encountered  by 
humans.  It  is  stated  that  amounts  of  NO,  over  8  ppm  produc—  damage  in  rats  and  may  cause  injury  to 
man.  In  the  opinion  of  the  authors  a  maximum  allowable  concentration  of  25  ppm  or  more  is  too  high. 
This  is  a  preliminary  study  by  workers  at  .the  Army,  Chemical  Center,  Maryland. 

HAAGEN-SMIT,  a.  j.,  "Chemistry  and  Physiology  of  Los  Angeles  Smog,”  Ind.  Eng.  Chem.  41,  1342  (1952). 

In  this  pa[>er  the  author  states  that  under  the  influence  of  sunlight,  nitrogen  dioxide  dissociating  into 
nitric  oxide  and  atomic  oxygen  readily  oxidizes  a  number  of  compounds.  Nitric  oxide  is  oxidized  by  molec- 
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ular  oxygon  to  nitrogen  dioxide,  thus  functioning  an  a  continuous  source  of  atomic  oxygen.  In  the  Los 
Angeles  area  the  nitrogen  dioxide  concentration  reaches  values  of  0.-1  parts  per  million. 

Laboratory  experiments  employing  this  value.  0.1  ppm  of  nitrogen  dioxide  and  hydrocarbons  derived 
from  gasoline  gat  e  intermediate  peroxide  compounds  formed  in  the  presence  of  sunlight,  which  are  respon¬ 
sible  for  typical  plant  damage.  With  reference  to  eye  irritation  it  was  observed  that  when  a  cracked  gasoline 
was  released  in  the  presen  i.  of  nitrogen  oxides  and  sunlight,  the  characteristic  odor  and  eye  irritation  soon 
became  apparent. 

With  the  aid  of  the  mass  spectrograph  valuable  information  was  obtained  on  the  multitude  of  hydro¬ 
carbons  present  In  Los  Angeles  air.  The  mass  spectrograms  also  showed  the  presence  of  similar  compounds 
in  smog  as  those  produced  from  mixtures  of  hydrocarbons,  oxidized  with  ozone,  nitrogen  oxides,  and  ultra¬ 
violet  light.  Estimates  show  that  from  combustion  processes  that  nitrogen  oxides  arc  liberated  at  a  rate 
of  200  to  300  tons  daily  into  the  Los  Angeles  air.  .  . 

The  author  gives  the  Schematic  Presentation  of  Reactions  in  Polluted  Air  leading  to  Smog  Symptoms 
as  shown  on  page  -15  in  the  summary  and  evaluation  of  this  survey. 


hall,  EDtvtM  L.,  "What  is  the  Role  of  the  Gas  Industry  in  Air  Pollution?”  Gas  28,  No.  10,  51  (1952). 

Reference  is  made  to  the  investigations  of  A.  J.  llaagen-Smit  (Eng.  and  Sci.,  December  1950)  and 
Shepherd  and  co-workers  (Anal.  Chcm .,  October  1951)  who  showed  that  in  the  presence  of  sunlight  oxides 
of  nitrogen  and  hydrocarbons  will  produce  crop  damage,  eye  irritation  and  rubber  cracking.  It  was  shown 
that  vapor  phase  gum  would  not  be  formed  in  sufficient  quantities  to  cause  trouble  if  the  reaction, 

2  NO  +  O,  -h.  2  NO, 

was  not  catalyzed  by  certain  conjugated  diolefins,  such  as  butadiene  and  cyclopentadiene,  which  are  nor¬ 
mally  present  in  manufactured  gas. 

The  following  sequence  reactions  are  given: 

2NO  +  0,  +  catalysts  — *  2.NO, 

NO,  +  hydrocarbon  — ♦  gum  or  smog  molecule 
gum  molecules  — *  aerosol  sugpensoids 

hall,  T.  C.,  AND  blacet.  f.  e.  "Separation  of  the  Absorption  Spectra  of  NO- and  N,0«  in  the  Range  2100- 
5000  A,”  J.  Chem.  Phys.  20,  1745-1719  (1952).  | 

The  effect  of  a  thermal  equilibrium  shift  on  the  j 

_ _ _ , _ : _ _  N,0«  77J2NO,  .  ].' _ _ _ _ 

absorption  is  discussed.  As  the  temperature  is  raised  the  increase  of  NO,  and  decrease  of  N,04  concentra¬ 
tion  in  the  range  2100-2900  A  was  evident.  The  increased  probability  of  the  N,04  rather  than  the  NO, 
absorbing  incident  radiation  as  the  wavelength  is  decreased  is  of  photochemical  interest.  The  quantum 
yield  data  for  systems  containing 

N,0,  ^  2  NO, 

should  be  a  function  of  the  ratio  p,  pi,  and  hence  to  total  pressure  pi.  Reduction  of  Hie  wavelength  of 
incident  light  over  a  sufficient  range  could  change  the  primary  absorber  from  NO,  to  N204,  and  as  a  result 
alter  the  photochemistry  of  the  system. 
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Involved  in  the  study  was  the  calculation  of  the  absorption  coefficients  of  NO,  and  N5O4  from  the  opti¬ 
cal  density  curves  (log  I0  I )  of  the  mixture  under  renditions  of  different  total  pressure  where  the  ratios  of 
NO,  and  N:0»  are  different.  The  continuous  calculation  of  the  absorption  coefficients  over  the  range  of 
wavelengths  was  accomplished  by  means  of  a  mechanical  analog  differential  analyzed.  The  experimental 
method  is  described  as  we'l  as  the  calculations  and  errors. 

mccabe,  Lot  ts  c.,  "Air  Pollution,"  McGraw-Hill  Book  Company,  Inc.,  New  York  (1952),  pp.  151  and  651. 

In  chapter  15  of  this  excellent  book  on  the  Proceedings  of  the  U.  S.  Technical  Conference  on  Air  Pollu¬ 
tion,  II.  F.  Johnstone  of  the  University  of  Illinois  has  discussed  the  Properties  and  Behavior  of  Air  Con¬ 
taminants.  With  respect  to  the  nitrogen  oxides,  XO  and  X’Oi,  the  threshold  concentration  value  is  25  parts 
per  million  by  volume.  The  dangerous  or  fatal  concentration  value  is  100-150  parts  per  million.  The 
phvsiological  effects  are  irritation  and  edema. 

The  oxides  of  nitrogen  are  seldom  found  in  air  in  concentrations  to  the  extent  that  their  physiological 
effects  ran  be  noticed.  Concentrations  as  high  as  0.4  pptn  have  been  reported  in  the  Los  Angeles  atmos¬ 
phere.  The  oxides  of  nitrogen  may  contribute  indirectly  to  air  pollution  by  catalyzing  the  oxidation  of  SO,. 
Thus  they  are  responsible  in  part  for  the  acidity  in  rain  and  fog  anil  hence  are  factors  to  atmospheric  corrosion. 

The  oxides  of  nitrogen  are  by-products  of  the  combustion  of  some  kinds  of  fuels,  .particularly  by  oxida¬ 
tion  of  ammonia  waste  gases  from  refineries  which  employ  the  regeneration  of  cracking  catalysts,  sulfuric 
acid  manufacturing  plants,  and  pickling  processes  for  stainless  steels  are  all  sources  of  the  oxides  of  nitrogen 
to  air  pollution. 

In  chapter  17  Cledo  Brunetti,  P.  L.  Magill,  and  F.  G.  Sawyer  of  the  Stanford  Research  Institute, 
Stanford.  California  have  discussed  new  developments  in  instrumentation  for  air  pollution  studies.  The 
oxides  of  nitrogen  are  collected  by  scrubbing  50  cubic  feet  of  air  with  50  milliliters  of  5  percent  sodium 
hydroxide  solution.  After  oxidation  of  the  oxides  of  nitrogen  in  solution  by  hydrogen  peroxide  they  are 
determined  eolorimetrically  by  using  phenolsulfonic  arid  reagent.  The  sensitivity  of  this  method  is  0.05 
ppm  with  an  accuracy  of  10  percent. 

1953 

Haai;en-.*M!T.  a.  BK  ADt.EY,  c.  E.  and  fox,  M.  M.  "Ozone  Formation  in  Photochemical  Oxidation  of  Organic 

Substances."  Inrl.  Eng.  Chvm.  45,  2086  (1953). 

Theauthorsstatethat  smog  periods  in  the  Los  Angeles  area  are  chemically  characterized  by  a  pronounced 
oxidizinc  effect,  of  the  order  of  0.6  ppm  calculated  as  hydrogen  peroxide  usually  determined  by  the  libera¬ 
tion  of  iodine  from  neutral  buffered  potassium  iodide  solution.  Another  method  for  measuring  the  oxidiz¬ 
ing  action  of  »mng  consists  in  the  coloration  of  dyes  such  as  indigo  sulfonic  acid  or  crystal  violet.  A  conven¬ 
ient  smog  indicator  is  colorless  phenolphthalin,  which  is  oxidized  to  phenolphthalein  (red  in  alkaline  solu¬ 
tion).  The  intensity  of  the  red  color  is  a  direct  measure  of  the  smog  concentration. 

The  oxidizing  effect  of  smog  has  been  shown  to  be  due  to  the  combined  action  of  nitrogen  oxides,  peroxides, 
and  ozone,  counteracted  by  the  reducing  action  of  sulfur  dioxide  (0.1  to  0.2  ppm).  The  presence  of  per¬ 
oxides  in  the  atmosphere  is  explained  by  the  photochemical  oxidation  of  hydrocarbons  liberated  into  the 
air.  Nitrogen  oxides  function  as  catalysts  in  the  formation  of  these  peroxides.  The  natural  ozone  concentra¬ 
tion  on  the  earth's  surface  is  reported  to  be  approximately  0.02  to  0.03  ppm. 
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I  lie  **\|>frimfnt'  reported  in  tin"  present  paper  were  designed  to  study  tin*  formation  of  ozone  through 
photochemical  reaction.  in  the  presence  of  oxi.ies  of  nitrogen  anil  various  organic  -oh. lance.  It  u':ii>  dem¬ 
onstrated  that  ozone  uan  lornieil  through  photochemical  oxiilation  of  alcohols,  aldehydes,  ketone.,  acids, 
ami  hydrocarbons,  .ueli  a.  are  pre-ent  in  ga.olinr  in  the  presence  of  small  concentrations  of  the  oxides  of 
nitrogen. 

I  lie  ozone  formation  was  attrilinteil  to  a  (tcroxide  railieal  chain  reaction.  It  was  shown  from  the  experi¬ 
ments  which  the  authors  eomineteil  that  the  release  of  large  ipiantities  of  hvilroearhons  into  the  air  simul¬ 
taneously  in  the  presence  ol  oxides  ol  nitrogen  from  eomhiistioii  processes  explains  the  relatively  high  ozone 
concentration  in  the  l.os  Angeles  area.  The  effects  are  of  economic  eonseipienee  and  health  hazards. 

1  he  photochemical  dissociation  of  nitrogen  dioxide  in  the  presence  of  sunlight  provides  a  continuous 
source  of  atomic  oxygen.  The  regeneration  of  nitrogen  dioxide  bv  oxidation  of  the  nitric  oxide  causes  the 
reaction  to  lie  continuous.  The  ozone  content  during  smog  periods  has  repeatedly  been  determined  to  be 
from  0.2  to  (1.3  ppm  which  are  several  time,  the  maximum  level  (0.1  ppm)  recommended  by  the  American 
Medical  A  ssociation  Council  on  Physical  I  herapy  for  safe  working  conditions. 

lakson,  GORDON  P.,  FISCHER,  GEORGE  I.,  and  iixmminc,  wai.ter  j„  “Evaluating  Sources  of  Air  Pollution,” 
Ind.  Enp.  diem.  1.5,  1070  (1953). 

The  concentration  of  the  oxides  of  nitrogen  in  the  atmosphere  over  downtown  Los  Angeles,  California 
has  been  determined  on  various  day s  during  1951.  The  fallowing  correlation  was  noted  for  periods  of  good 
visibility  ami  during  periods  of  intense  smog. 
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McCabe,  i.oi  is  c..  "Atmospheric  Pollution."  Ind.  Enp.  ('Item,  to.  111  A  (1933)  (September  number). 

In  this  monthly  column  McCabe  ha»  discussed  a  method  for  estimating  oxidant  in  the  air.  The  method 
is  based  on  the  oxidation  of  phenolphthalin  to  phenolphthalein.  Reference  is  made  to  the  importance  of 
ozone,  peroxides,  and  oxides  of  nitrogen  in  the  formation  of  air  contaminants  which  has  been  described  by 
Ilaagen-Smit  (  Ind.  Ena.  (.hem.  It.  i.3  12  (1952  m.  and  by  Liftman  and  Magill  (“Some  Unique  Aspects  of  Air 

Pollution  in  Los  Angeles,”  Standard  Research  Institute  (1953)).  -  . . . . .  — 

The  oxidation-reduction  of  phenolphthalin  is  illustrated  by  structural  formulas  in  the  following  reaction: 


OH  Oil 

/  / 
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The  author  reports  that  the  Heckman  Instruments  Inc.  of  South  Pasadena,  California  is  now  building 
an  instrument  for  the  determination  of  total  oxidant  in  the  air.  The  method  is  based  upon  the  oxidation  of 
phenolphthalin  to  phenolphtiialcin  which  provides  a  sensitivity  of  less  than  1  ppm  oxidant  in  the  air.  The 
preparation  of  the  phenolphthalin  test  reagent,  testing  procedure,  the  use  of  the  klett-Suramerson  colorimeter 
followed  by  estimation  from  a  standard  curve  are  described. 

mooke,  cordon  e.,  "The  Spectrum  of  Nitrogen  Dioxide  in  the  1.4-3. 4  n  Region  and  the  Vibrational  and 

Rotational  Constants  of  the  NO,  Molecule,”  J.  Opt.  Soc.  Am.  43,  1045  (1953). 

The  spectrum  of  NO,  was  observed  with  a  vacuum  grating  spectrograph  using  PbS  and  PbTe  photo¬ 
conducting  detectors.  The  observation  cells  employed  were  100,  120  and  200  cm  in  length.  The  experimental 
details  are  given.  Nine  absorption  bands  were  observed  and  the  frequencies  of  the  band  centers  of  NO,  are 
listed.  The  fundamental  frequencies  of  NO,  are  given:  v,  =  1322.5  cm-1,  e,  =  750.9  cm-1,  and  =  1616.0 
cm-1.  All  nine  bands  reported  in  this  investigation  had  rotational  structure  at  least  partially' resolved.  Two 
apparently  abnormal  interaetions  occur  between  vibrational  lines  3  v,  and  2  vj  +  3  e,,  and  between  vi  +  3  e, 
and  3  vi  -f  3  vj. 

The  structural  ground  state  parameters  are: 

rs -o  —  1-188  ±  0.004  A  and  <  O  -  N  -  O  =  134°  4'  ±  15' 

which  are  in  close  agreement  with  electron  diffraction  data 

rN_0  =  1-20  ±  0.02  A,  and  <  O  -  N  -  O  =  132°  ±  3°. 

MCOI.ET,  MARCEL,  "Aeronomical  Problems  of  Nitrogen  Oxides,”  Ionospheric  Research,  Scientific  Report 

No.  52,  The  Pennsylvania  State  College,  25  October  1953,  AMC  Contract  No.  AF19(122)-44. 

In  this  report  Nicolet  has  considered  the  photochemistry  of  nitrogen  dioxide  in  the  upper  atmosphere 
along  with  (a)  nitrous  oxide  and  (b)  nitric  oxide  w  hich  generally  are  regarded  to  be  the  most  important  of  the 
oxides  of  nitrogen  at  high  levels  and  in  ionospheric  phenomena. 

Nitrogen  dioxide  is  not  considered  an  important  constituent  in  the  mesosphere  during  daylight,  since 
the  rate  coefficient  of  dissociation  is  high.  Nitrogen  dioxide  processes  during  the  night  have  not  been 
investigated:  however  laboratory  studies  indicate  many  interesting  phenomena.  Reference  is  made  to  the 
fluorescence  which  occurs  in  two  visible  bands  lying  in  the  red-orange  (6200-6390  A)  and  the  yellow-green 
(5600-6030  A)  parts  of  the  spectrum  observed  by  Norrish  (1929)  and  by  Baxter  (1930).  Also  Gaydon  (1944) 
has  reported  the  formation  of  NO,  by  a  radiative  process  involving  nitric  oxide  and  atomic  oxygen  as  a 
process  leading  to  an  emission  spectrum. 

Several  laboratory  investigations  on  radiative  processes  indicate  that  nitrogen  dioxide  may  be  an 
important  contributor  to  the  continuous  airglow  spectrum.  Nitrogen  dioxide  and  atmospheric  oxygen 
system  is  discussed  in  the  light  of  data  found  by  Bodenstein  and  Linderer  (1929),  Holmes  and  Daniels  (1934), 
Hall  and  Blacett  (1952),  and  others. 

From  a  study  of  nitrogen  dioxide  formation  and  photodissociation 

NO  +  O  —  NO, 

NO,  +  h»  — ►  NO  +  O 
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it  was  observed  that  the  ratio  n(NO,)  n( NO)  <  <  1  has  no  practical  effect  on  the  nitric  oxide  day  concentra¬ 
tion:  however  the  ratio  varies  very  rapidly  and  is  different  during  day  and  night.  The  photodissociation 
rate  coellicicnt  (about  5  X  10-3  see-1.  Bates  (1952))  is  necessary  to  consider  in  the  p  region  reactions. 

The  author  states  that  the  photoioni/.ation  of  nitrogen  dioxide  is  so  rapid  during  the  day  that  its  action 
oil  the  nitric  oxide  concentration  can  be  neglected.  The  night  mechanisms  are  the  following: 


about  10  17  cm5  sec-1.  Bates  p952). 


() 

+  NO  —  NO,  +  hv 

(coeff.  rate  b3) 

(3) 

o 

*f  NOj  — ♦  NO  4"  O2 

(eoelT.  ra  te  6,) 

(4) 

o3 

4“  NOj  7^  NO 3  4"  Oj 

(5) 

o3 

4"  NO  NOj  4”  Oj 

(coeff.  rate  b<) 

(6) 

'NO,  +  NO 
NO,  +  hv 


NO,  +  NO, 
NO  +  0 


The  following  differential  equation  involving  processes  affecting  NO,  was  suggested. 

=M(NO)  n(O)  +  b<n(  NO)  n(03)  -  6,n(NO,)  n(0)  -  (NO,)  J„, 
dt 


(7) 

(8) 

(9) 


From  theoretical  calculations  Nicolet  concluded  that  the  transformation  of  NO  into  NO,  during  the  night 
is  iinjM)rtant  in  the  entire  mesosphere.  The  nitric  oxide  (NO)  taken  as  about  10”  cm-3  near  80  kin  would  he  of 
the  order  of  10*  cm-*  at  65  km,  the  NO,  nocturnal  concentration  could  be  represented  by  values  of  about  the 
same  orders  of  magnitude  or  less,  the  NO,  concentration  being  limited  by  the  day  concentration  of  NO  in 
the  entire  mesosphere. 

With  reference  to  the  night  airglow  Nicolet  states  that  the  reaction  between  NO,  with  O  is  an  important 
process  that  cannot  be  neglected. 

NO,  +  O  —  NO  +  O,*  (10) 

The  bi-molecular  association, 

NO  +  O  -s  NO,  +  hv  (X  <  3700-  4000  A)  (11) 

is  suggested  as  corresponding  to  the  continuous  airglow  observed  by  Rayleigh  (1910)  and  later  studied  by 
Stoddart  ( 193 4)  and  Newmann  (1935)  in  more  detail,  indicating  reaction  mechanism  (11)  to  be  important. 
The  mechanism, 

03  +  NO  — »  O,  +  NO,*  (12) 

is  also  considered  as  a  process  in  the  night  airglow. 

1951 

mori,  k.,  "The  Absorption  Spectrum  of  Nitrogen  Dioxide  in  the  Vacuum  Ultraviolet,”  Science  of  Light 
(Tokyo)  3,  No.  1,  62  (1954). 

The  band  spectra  of  nitrogen  dioxide  (NO,)  were  photographed  in  the  vacuum  ultraviolet.  The  spectral 
region  X  1600  -1350  A  could  be  considered  as  a  combination  of  two  progressions,  one  having  a  frerpiency  of 
about  100  cm-1,  and  the  other  600  cm-1.  Fifteen  new  diffuse  bands  were  found  at  about  X  1800  A.  The 
author  concludes  that  the  electronic  structure  of  NO,  suggested  by  his  investigations  is  in  agreement  with 
that  predicted  earlier  by  Mulliken. 
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SALTZMAN,  BERNARD  E.,  '"Colorimetric  Microdctcrniinution  of  Nitrogen  Dioxide  in  the  Atmosphere,”  Anal. 
Client.  26,  1010  (1051). 

The  toxieity  of  nitrogen  dioxide  is  emphasized.  A  concentration  of  five  parts  per  million  of  nitrogen 
dioxide  is  the  maximum  safe  allowance.  This  gas  is  liberated  during  many  operations,  such  as  explosives, 
welding  o|>eratinns,  exhaust  of  internal  combustion  engines,  and  in  chemical  processes  involving  nitration. 
Some  of  the  difficulties  in  the  past  have  been:  absorbing  the  gas  from  a  sufficiently  large  sample,  uncertainty 
of  results  for  levels  below  5  ppm,  collection  in  large  bottles  for  the  well-known  phenoldisulfonic  acid  method, 
length  of  time  required  for  complete  analysis. 

In  the  present  paper  the  author  has  reported  the  development  of  a  reagent  which  is  specific  for  nitrogen 
dioxide,  and  can  he  used  for  continuous  sampling.  The  reagent  is  a  mixture  of  sulfanilic  acid,  N-(l-naphthyl)- 
ethylenediamine  dihydrochloride,  and  acetic  acid.  The  sensitivity  claimed  is  a  few  y>rts  ocr  billion  for  a 
10-minute  sample  at  0.4 liter  per  minute.  The  apparatus  includes  a  Beckman  Model  D  U  spectrophotometer, 
midget  fritted  bubblers,  and  grab-sample  bottles.  The  reagents  employed  are  stable  for  several  months  if 
kept  stored  in  a  refrigerator  in  well  stoppered  brown  bottles. The  reagents  are:  (a)  N-(l-naphthyl)-ethylene- 
diaminc  dihydrochloride,  (b)  Absorbing  reagent  of  sulfanilic  acid  in  glacial  acetic  acid,  and  (c)  Standard 
sodium  nitrite  solution. 

The  preparation  of  the  reagents,  the  procedures  for  sampling,  standardization  determination,  and  calcu¬ 
lations  are  described  in  detail.  The  effects  of  the  various  interfering  gases  are  considered  and  found  to  be 
unimportant. 

Ml  KHERJEK,  A  SOKE  Kl'MAH,  "Thunderstorm  and  Fixation  of  Nitrogen  in  Rain,”  Irulinn  J.  Meteorol.  Geophys. 
6,  57  (1955). 

The  author  in  the  present  paper  has  reviewed  the  recent  determinations  of  nitrate  and  ammonia  in  rain 
water  in  Sweden.  The  results  of  these  analyses  led  to  the  conclusion  that  thunder  (electrical  spark  discharges 
in  the  atmosphere)  was  not  a  determining  factor  in  the  production  of  nitrogen  compounds  formed  in  rain 
water. 

As  a  result  of  the  data  obtained  in  Sweden  the  present  investigation  of  combined  nitrogen  in  rain  water 
in  India  was  undertaken.  It  was  concluded  that  the  mechanism  of  the  formation  of  nitrates  in  the  atmos¬ 
phere  is  quite  complicated.  The  electric  spark  discharge  may  have  some  effect  in  the  lower  atmosphere,  but 
it  cannot  be  considered  primarily  responsible  for  the  formation  of  nitrates  in  rain. 

The  author  is  in  agreement  with  Virtanen  (1952)  that  the  determination  of  nitrogen  compounds  at 
different  altitudes  is  indispensible  in  obtaining  information  of  the  nitrogen  fixation  in  the  atmosphere.  A 
bibliography  of  eight  references  to  previous  studies  of  nitrogen  fixation  in  the  atmosphere  is  included. 

MCOf.El,  MARCEL,  ’’The  Aeronomic  Problem  of  Nitrogen  Oxides,”  J ■  Atm.  Terrest.  Phya.  7,  152  (1955). 

In  this  theoretical  analysis  of  the  aeronomy  of  nitrogen  oxides  the  author  considers  nitrogen  dioxide 
(NO-)  as  an  atmospheric  constituent.  During  daytime  this  oxide  of  nitrogen  cannot  be  considered  important 
in  the  mesosphere  since  the  dissociation  rate  cocffici.-nt  is  high.  Reference  is  made  to  the  spectroscopic 
studies  of  N<>.  by  Norrish  (1929),  by  Baxter  (1930),  Gaydon  (1941),  Rayleigh  (1910),  Stoddard  (1931), 
Newman  (1935),  Spealman  and  Rodebush  (1935),  Kondratjew  (1936),  and  by  Tanaka  and  Shimazu  (1918). 


The  author  Mate*  that  the  formation  of  NO,  during  the  night  is  a  problem  that  remains  to  be  investi¬ 
gated.  The  reaction 

NO,  +  N  -*  NO  +  NO  (1) 

may  be  important  at  night.  From  a  study  of  NO,  formation  and  photodissociation 

NO  +  O  — ►  NO,  (2) 

NO,  +  hv  —  NO  +  O  (3) 

the  ratio  n(NOj)  n(NO)  «I. 

It  is  concluded  that  there  is  no  effect  of  the  daytime  nitric  oxide  (NO)  concentration.  Atmospheric 
mixing  is  considered  to  be  of  practical  importance  in  fixing  the  vertical  distribution  of  nitric  oxide  more  than 
a  vertical  distribution  by  photochemical  equilibrium.  The  ratio  n(NO,)/n(NO)  is  shown  to  vary  rapidly 
and  is  different  during  the  day  and  night.  The  essential  night-time  mechanisms  for  NO,  are 

NO  +  0  ->  N,0  +  hv  .  (4) 

for  which  Bates  (1954)  gives  the  rate  coefficient  of  about  10-17  cm1  sec-1. 

NO,  +  O  — >  NO  +  0,  (5) 

In  the  latter  reaction  the  rate  coefficient  depends  on  the  activation  chosen.  During  night  the  equilibrium 
ratio,  n(NO,)/n(NO)  is  greater  than  one  in  the  ozone  region.  At  90  km  where  oxygen  atoms  are  involved 
the  ratio  is  considered  less  than  unity. 

In  regard  to  the  abundance  and  distribution  of  nitric  oxide  (NO)  molecules  in  the  mesosphere,  Nicolet 
states  that  as  a  first  approximation  the  distribution  follows  atmospheric  vertical  distribution.  It  is  concluded 
that  the  concentration  of  nitric  oxide  cannot  be  more  than  1011  cm-*  at  80  km. 
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Research  Directorate,  January  1953. 

No.  35.  Balance  Requirements  of  the  General  Circulation,  V.  F.  Starr  and  K.  M.  White,  Geophyaica 
Research  Directorate,  December  1931. 

No.  3»>.  1  he  Mean  Molecular  Weight  of  the  lp|>er  Atmosphere,  Warren  E.  Thompaon,  Geophyaica 
Research  Directorate,  May  1933, 

No.  37.  Proceedings  on  the  Conference  on  Interfacial  Phenomena  and  Xudeation. 

I.  Conference  on  Nucleation. 

II.  Conference  on  Nucleation  and  Surface  Tension. 

III.  Conference  on  Adsorption. 

Edited  by  II.  Reiss,  Geophysics  Research  Directorate,  July  1933.  | 


No.  38. 


The  Stability  of  a  Simple  liaroclinic  Flow  With  Horizontal  Shear, 
Research  Directorate,  July  1933. 


l.eon'  S.  Pocinki,  Geophysics 


”  a  •  '  .  «  « *  •  •  * 


v  vv  v.v.y>.y  e.y. /.v 


■v.  ■ 


-><s*^  ’  .  W  .  •  J,  +  J.  J  '  +  ^  */ 

ifliirikiaaboiaei^^ 


AUTHOR  INDEX 


Achenhacfi  H.,  3  ' 

Adel,  Arthur,  5,  6,  7,  8,  9.  12,  14,  16,  30,  31,  32,  33, 
34,  35,  36,  38,  4<),  42,  43,  45,  48,  50,  51,  54,  56, 
57,  60,  66,  86,  105 
Amat,  G.,  68 
Anthony,  R.,  56 
Asobenbrand,  L.  M.,  68,  99 
Averell,  P.  R.,21,  110 

Badger,  Richard  M.,  91 

Baer,  P.,  85,  88 

Bahr,  Eva  Von,  24 

Batnford,  C.  H.,  35,  58,  74,  96,  119 

Barbier,  D.,  106 

Barchewitz,  P.,  68 

Barker,  E.  F.,  2,  26,  31,  33,  47,  48 

Barton,  Henry  A.,  70,  71 

Bates,  D.  R.,  8,  9,  10,  12,  14,  18,  20,  46,  54,  56.  57. 
64,  65,  66,  67,  76,  77,  79,  80,  81,  82,  85,  88, 91, 93, 
94,  96,  99,  124,  126 

Baxter,  Warren  P„  102,  104,  119,  123,  125 

Benedict,  W.  S.,  7,  37,  46 

Beriesch,  W.,  7,  46,  66  * 

Benitez,  L.  E„  80 

Beyer,  Karl,  21,  107 

Bigeleisen,  Jacob,  62 

Blacet,  F.  E.,  23,  118,  120,  123 

Bonner,  L.  G.,  33 

Bradley,  C.  E.,  110 

Bradley,  W.  R„  121 

Briner,  E.,  39 

Briske,  II.,  28 

Brown,  G.  M.,  82 

Brown,  R.  A.,  42 

Brunner,  Ernst,  4,  101 

Burke,  S.  S.,  47 

Byram,  E.  T„  18,  19,  88,  91,  92 


Callendar,  G.  S„  16,  37,  38,  48,  51,  80,  107 

Callomon,  H.  J.,  52 

Carrington,  Tucker,  116 

Chalonge,  D.,  106 

Chapman,  R.  M.,  7,  36,  37,  49,  55 

Chapman,  Sydney,  73,  119 

Cholak,  Jacob,  21,  108 

Chubb,  T„  19,  88,  91,  92 

Claassen,  H.  H.,  8,  61 

Clayton,  George  D.,  78,  113 

Clemo,  G.  R.,  43 

Cook,  D.,  61 

Crawford,  Bryce,  97 

Cvetanovic,  R.  J.,  69 

Daniels,  Farrington,  77,  102,  111,  119,  123 

Davidson,  Ethel  M.,  45 

Davidson,  Norman,  116 

Debieme,  Andre,  110 

Deshmukh,  G.  S-,  39 

Dondes,  S.,  67 

Donovan,  Russel  A.,  48 

Douglas,  A.  E.,  67 

Downie,  A.  R.,  97 

Duffieux,  P.  Michel,  31,  76,  81 

Duncan,  A.  B.  F.,  29,  31,  57,  70 

Durand,  E.,  16,  18,  78,  80,  85,  89,  90,  91,  95 

Dutta,  Arum  K.,  26 

Edgar,  J.  L„  21,  106,  107 
Elkins,  Ilervey  B.,  105,  115 
Elvey,  C.  T„  18,  73,  74,  77,  87 
Estey,  Roger,  44 

Fairbaim,  A.  R.,  95 
Feast,  M.  W.,  81 
Ficbter,  Fr.,  4,  101 
Findlay,  J.  W.,  79 


132 


Fischer,  George  I.,  21,  122 
Fla"?.  John  F.,  21,  110 
Flory,  Paul  J.,  37,  71,  74,  95 
Fox,  M.  M.,  121 
Francis,  A.  G.,  21,  101 
Fraser,  P.  A.,  89 
French,  Maurice  F.,  87 
Friedel,  R.  A.,  62 
Friedman,  H.,  19,  88.  91,  92 
Friedmann,  Lewis,  62 
Froehlich,  H„  26 

Gafafer,  W.  M„  113 

Gailar,  N„  88  - 

Gantz,  £.  St.  Clair,  85 

Gaydon,  A.  G.,  75,  76,  82,  91,  95,  96,  108,  123,  125 

Gebbie.  H.  A..  8.  14,  52 

Giauque,  W.  F.,  3,  78 

Gilbert,  Nathan,  77 

Girina,  V.  V„  21,  112 

Glocker,  G.,  78 

Godescheit,  Margot,  41 

Goldberg,  Leo,  7,  8,  12,  13,  14,  16,  44,  47,  48,  52,  61, 
63,  66 

Goldberg,  Stanley  B.,  119 
Goody,  R.  M„  8,  10,  12,  14,  15,  S3,  64,  65 
Gray,  Edward  LeB.,  119 
Grenier-Besson,  M.  L.,  68 

Haagen-Smit,  A.  J.,  22,  118,  119,  120,  121,  122 

Hall,  Edwin  L.,  120 

Hall,  T.  C.,  120,  123 

Hamming,  Walter  J.,  21,  122 

Harding,  W.  R.,  8,  52 

Hart,  W.  F„  110  . . . . 

Ilarteck,  P.,  67 
Hause,  C.  D.,  98 
Hay  hurst,  Walter,  100 
Heedington,  C.  E.,  42 
Heimann,  Harry,  113 
Hendricks,  S.  B.,  3 
Henriques,  F.  C.,  31,  57,  69 
Henry,  Louis,  27,  28,  29 


Herzberg,  Gerhard,  10,  37,  48,  67,  75,  76,  82,  84 

Herzberg,  L.,  29,  48,  54,  67 

Hettner,  G.,  27,  31,  44,  107 

Hieber,  Walter,  110 

Hilsum,  G.,  52 

Holford,  C.  J.,  85 

Holmes,  Harrison  11.,  102,  119,  123 

Howard,  J.  X.,  55  -  - - - 

Howard,  Royce,  118 
Hoyle,  F.,  79 
Humbert,  C.  R.,  62 
Hunter,  E.,  27 

.  Hutchinson,  G.  Evelyn,  38,  57 


Inn,  Edward  C.  Y.,  19,  67,  69,  70,  88,  89,  90,  91,  93, 
94,99 

Jarmain,  W.  R.,  89 
Jenkins,  Francis  A.,  70,  71 
Johnson,  F.  S.,  16,  18,  89 
Johnston,  Harold  S.,  83,  111,  116 
Johnston,  Herrick  L.,  37,  71,  74,  9." 

Johnston,  W.  S.,  Ill 

Jones,  Ernest  J.,  4,  37,  104 

Jones,  R.  E.,  97  ^ 

Joshi,  S.  S.,  24,  25,  39 

Kaplan,  Joseph,  18,  71,  72,  73 
Karbassi,  IL,  39 
Kaufman,  F.,  69,  98 
Kellner,  Lotte,  34 
Kelso,  John  R.,  69,  98 
Kemp,  J.  D.,  3 

Kieselbach,  Richard,  .76 _ 

Klcmenc,  Alfons,  4,  105 

KraBOvskii,  V.  I.,  54,  55,  57,  83 

Kriegel,  Monroe  W.,  7,  9,  39,  40,  50 

Krogh,  M.  E.,  7,  9,  14,  16,  49,  50,  51,  57,  64,  65 

Kvifte,  G.,  18,  84,  86 

\ 

Lambrey,  Maurice,  37,  71 

Lampland,  C.  O.,  7,  30,  32,  33,  38,  86,  105 


133 


Larson,  Gordon  P..  21,  116,  122 

I.eifson,  Sigmund  W..  24,  26,  37,  70,  75,  78,  85,  93 

Linkf,  Walter,  18,  73.  77 

Lobene,  Ralph,  21,  110 

Lovell,  A.  C.  B„  79 

Lowry.  T.  M„  3 

Lukashenya,  V.  T.,  55,  83 

McCabe,  Louis  C.,  121,  122 
Macdonald,  Janies  Y\,  25,  35,  39,  69,  74 
McKean,  D.  C„  52 

McMath,  Robert  R.,  7,  14,  15,  16,  43,  44,  47,  48,  60, 
61,  66 

MaeNamee,  James  K.,  119 

McNary,  Robert  R.,  21,  108 

Mange,  P.,  18,  86,  90 

Mangliers,  Gerhard,  41 

Marmo,  F.  F.,  19,  88,  90,  91,  93,  91,  99 

M  asriera,  M.,  106 

Massey,  11.  S.  W\,  18,  76,  77,  79 

Matheson,  He  Loss  IL,  117 

Majenee,  Janine,  45,  60,  86 

M tiller.  Kdith  A..  8,  12,  13,  14,  63,  66 

Mellon.  M.  G„  109 

Meltzer.  Robert  J.,  44 

Melvin,  K.ugene  K.,  26,  28,  72,  103 


Neven,  L.,  7,  16,  18,  60,  61,  66,  88.  90 
Newman,  F.  IL,  104,  125 
Nicholls,  R.  W„  89 
Nichols,  Nathan  L.,  98 

Nicolet,  Marcel,  14,  16,  ,8,  19,  20,  21,  45,  46,  54.  58, 
66,  67,  78,  79,  83,  85,  86,  88,  90,  01,  96,  99,  123, 
124,  125,  126 

Nicolle,  Jacques,  33  - 

Nightingale,  R.  E.,  97 
Noble,  R.  IL,  98 

Norrish,  Ronald  G.  W\,  101,  102,  101,  112,  123,  125 
Noyes,  W.  Albert,  Jr.,  29,  51,  36,  57,  63,  69 

Oberly,  J.  J.,  16,  18,  78,  80,  85,  89,  90,  91 
i  Ogg,  Richard  A.,  Jr.,  97,  114 
Opfell,  J.  IL,  97 
Oxholm,  M.  L.,  7,  8,  49,  55,  61 

Pande,  A.,  41 

Paneth,  F.  A.,  1,  21,  106,  107 
Parsons,  A.  T.,  21,  101 
Patty,  F-  A.,  108,  110,  114 
Pauling,  Linus,  3 
Pearse,  R.  W.  B.,  37,  74 
Penner,  S.  S.,  80,  95 


.  Mieseher,  E.,  85,  88,  90 

Migeotte,  Marcel  V.,  5,  7,  8,  16,  18,  41,  42,  47,  48, 
49,51,56,60,61,66,88,90 
Miller,  Lewis  E.,  1 

Mitra,  A.  P.,  11,  17,  18,  19,  65,  66,  83,  90,  91,  95,  j 
96, 97  j 

Mizushima,  Masataka,  97 
Moller.  C.  K„  7,  67 
Mohler.  Orren  C.,  +1,  48 
Moore,  (Jordon  E.,  91,  123 
Mori,  K.,  84.  93,  124 


Penny,  W'.  G.,  3,  75,  82 
Peregud,  E.  A.,  112 
Perrinc,  Richard  L.,  83 
Petty,  G.  M„  108,  110,  114 
Pierce,  A.  Keith,  7,  -44,  48 
Plyler,  E.  K.,  2,  26,  31,  33,  47,  48 
Pohlmann,  R.,  27,  31,  44,  107 
Polezhaev,  N.  G.,  21,  112 
Porter,  G.,  112 

Price,  W.  C.,  18,  20,  36,  37,  75,  76,  77,  80,  107 
Pring,  J.  N.,  100 


Morris,  Kelso  B..  45 
Mukherjee,  Asoki  Kumar,  125 
Mulliken,  Robert  S..  70,  71,  124 
Murray,  R.  B.,  55 

Neill,  H.  W„  114 
Neumann,  Walter,  4,  105 


Pryce.'A.  W.,  52 
Purcell,  J.  D.,  88,  89,  92 

Reaugh,  Myrl  A.,  112 
Reed,  Homer,  1 12 
Rense,  William  A.,  19,  20,  92 


134 


Reynold*,  William  C.,  21,  100,  102 
Richardson,  W.  S.,  40 
Rider,  11.  F..  10*> 

Robert*.  V.,  ">2 
Robin*on,  (I.  I).,  53 
Rook,  S.  M.,  118 
Rodebtihlt.  W.  II.,  101,  125 
Romand,  Jacipies,  45 
Rotenberg,  I).  I,.,  07 
Routolo,  R.  P.  W„  115 

Sage,  R.  II.,  07 
Sai,  T.,  84 

Saltzman,  Bernard  K.,  125 

Sehlinper,  W.  G.,  07 

Sehmalfuss,  llan*,  41 

Schomaker,  Verncr,  2 

Schramm,  Ilildepard,  41 

Schrenk,  H.  If.,  113 

Schumacher,  II.  J.,  27,  31,  44,  105,  107 

Schwartz,  R.,  3 

Seaton,  M.  J.,  18,  80,  82.  85.  88,  01.  03,  04,  00 
Sen  Gupta.  P.  K.,  27,  28.  20 
Seva,  M„  84,  03 
Sharkey,  A.  G.,  62 

Shaw,  J.  H„  5.  7,  8.  16, 42,  47,  48,  40,  50,  54, 55, 61, 
66 

Shepherd,  Martin,  118,  120 
Shultz.  J.  L.,  62 

Slobod,  R.  J.,  7,  0.  14,  16.  10,  50,  51,  57,  65 

Smith.  G.  B.  L.,  85 

Spealman.  M.  L.,  104,  125 

Sponer,  H..  20,  33.  82 

Sprenper.  Gerhard,  37,  102 

Spurr.  Robert,  2  . 

Stoddart,  E.  M„  103,  109,  110,  124 
Stormes,  John,  118 
Stribley,  Arthur  F.,  Jr.,  112 
Strong,  John,  7,  44,  16 
Sun,  H„  02,  00 
Sutcliffe,  L.  I!.,  02 

Sutherland,  G.  B.  B.  M„  3,  5,  7,  16,  35,  36,  37,  38, 
42,  47,  48,  40,  50,  51,  54,  66,  80,  107 


Swan,  G.  A.,  43 
Swing*,  1’.,  18,  73,  77,  83 

Tanaka,  Vonliio,  70,  84,  03,  08,  125 
Taylor,  J.  II.,  55 
Taylor,  R.  C.,  42 
Thompson,  II.  VI'.,  52,  55,  67 
Ton*hcrg,  E.,  18,  86 

Tousey,  R.,  16,  18,  78,  80,  85,  88,  80,  00,  01,  02,  06 


Wade,  Harland  A.,  1 15  . 

Walker,  W.  C„  70 
Walnli,  A.  D.,  02 

Wal*haw,  C.  D.,  8,  10,  12,  14,  6-1,  65 
Watanabe,  K„  10,  67,  60,  70,  88,  00,  01,  02,  03,  04, 
08,  09 

Wayne,  Lowell  G.,  115 
Weber,  D.,  05 
Weissler,  G.  L.,  70,  92,  99 
W’exler,  Harry,  113 
Whitnack,  G.  C.,  85 
Whittingham,  G.,  41 
Wildt,  Rupert,  35 
Williams,  R.  L.,  55,  67 
Wilson,  E.  Bright,  49. 

Wilson,  N.,  89 
Wise,  Henry,  87 

Witherspoon,  Agnes  E.,  8,  9,  10,  12,  56,  57,  64,  65, 
66,  67 

Woodberry,  N.  T.,  110 
Woolley,  R.  V.  D.  R„  18,  76  - 
Wormell,  T.  W„  5,  7,  14,  16,  42,  47,  48,  49,  50,  53, 
54,  66 

Wulf,  Oliver  R„  4,  26,  28,  37,  72,  91,  103,  104,  111, 
119 

Yost,  Don  M„  111,  115 
Young,  W.  S.,  42 

Zelikoff,  Murray,  67,  68,  60,  70,  90,  99 


Vegard,  L.,  18,  84,  86 
Virtanen,  A.  I.,  43,  86,  125 
Vodar,  Boris,  33 
Volmer,  M„  26,  28 


135 


<1 

•  ,  * 

••V. 

n\s 


■  - 


w 


c’1 


SUBJECT  INDEX 


NITROUS  OXIDE 

Absorption  Spectra.  Infrared  (Lalioratory  Studies), 
24.  26,  27,  34.  37.  46,  48,  46.  32,  53,  54,  35 
Absorption  Spectra,  Ultraviolet  (Laboratory  Inves¬ 
tigations).  2 1,  26,  28,  29,  33,  33,  36,  45,  60,  67 
Abundance  of  Atmospheric  Nitrous  Oxiile,  43,  44, 

45,  47,  48,  49.  52,  55 

Atmospheric  Absorption,  Infrared  (Telluric  Spec¬ 
tra),  32.  33. 34, 44.  47,  48.  49, 52. 53, 53.  56, 60,  61 
Identification  of  Nitrous  Oxide  in  the  Earth's 
Atmosphere.  30,  31,  32,  34.  35,  37,  41,  42,  43,  4-4, 

46.  47,  48.  50,  51.  52,  56,  60,  61 

Origin  and  Source  of  Atmospheric  Nitrous  Oxide, 
38,  39.  40.  43'.  49,  50,  51,  64 
Photolysis,  and  Photochemical  Decomposition  of 
Nitrous  Oxide.  25,  26,  27.  28.  29,  31,  33,  39,  41 
Quantitative  Analytical  Chemical  Methods  of 
Determination,  41,  42,  45,  47,  62 
Theoretical.  Homogeneous  Gas  Reaction  Studies, 
46.  54.  55.  56.  57.  65 

Thermal  Decomjxvsition  of  Nitrous  Oxide,  and  in 
the  Silent  Discharge,  2  4,  25.  26.  27,  28.  39,  62 
Vertical  Distribution  in  the  Atmosphere,  40,  45,  46, 
52-  53.  60,  63 

NITRIC  OXIDE 

Absorption  Spectra.  Ultraviolet  (Laboratory  Stud¬ 
ies),  70,  71.  72,  75,  82,  83,  84,  85,  86.  88,  89,  90, 
92,  93,  94.  95 

Auroral  Afterglows,  Laboratory  Investigations,  72, 
73,  81 


Evidence  for  in  the  Upper  Atmosphere,  79,  80,  82, 
91 

Ionospheric  Ionization  Processes,  76,  78,  79,  80,  83, 

88.89.90.93.94 _ _ 

Photochemical  Decomposition,  and  Mechanisms, 
71,  73,  7  4,  75,  83,  91 

Quantitative  Analytical  Chemical  Methods  of 
Determination,  76,  85 

Spectrum  of  the  Night  Sky  and  Aurora,  72,  73,  81 
Theoretical  Calculations,  and  Speculations  for 
Atmospheric  Distribution,  76,  78,  79,  80,  83,  88, 
89,  90,  93,  94 

Thermal  Decomposition,  77,  78,  80,  83,  87 
Ultraviolet  Spectra  from  Rockets,  78,  82,  88,  89,  92 

NITROGEN  DIOXIDE  AND  OTHER  OXIDES 
OF  NITROGEN 

Correlation  with  Weather,  Thunderstorms,  95,  100, 
102,  117 

Evidence  for  Existence  of  Higher  Oxides  of  Nitro¬ 
gen.  101,  102,  104,  105,  110 
Evidenre  for  Presence  in  the  Atmosphere,  105 
Photochemical  Studies,  and  Decomposition,  101, 
102,  103,  104,  106,  107,  108,  111,  112,  114,  115, 
116,  120,  123 

Quantitative  Analytical  Chemiral  Methods  of 
Determination,  95,  101,  106,  107,  108,  109,  110, 

112,  114,  115 

Toxic  Fumes  and  Smog  Conditions,  105,  110,  112, 

113,  116,  118,  119,  120,  121,  122  ' 


v' ' 


jW 


